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 Abstract 
Around the world, women are subject to an earlier incidence of cataracts, have a higher 
risk for cataracts, and also have a higher risk for other vision-related problems than men. 
Previous research has indicated an association between endogenous lead stored in long 
bones and cataracts in men over 60 years of age; however, a similar study in women did 
not reveal an association. This case control study was conducted to investigate whether 
perimenopausal mobilization of endogenous lead serves as a possible causative factor for 
women’s generalized vision issues and cataract incidence in particular. Secondary data 
were gathered from 1,416 women aged 40 to 55 years of age from the 2005-2006 and 
2007-2008 National Health and Nutrition Examination Surveys. Variables of interest 
included vision-related issues, cataract surgeries, bone density data, blood lead levels, 
and markers of lead mobilization. The results of the logistic regression analysis in the 
absence of confounders (OR = 1.50, 95% CI [1.08, 2.09]) indicated that endogenous lead 
is a possible causative factor for the low-level vision problems women experience during 
their perimenopausal years. Chi-square analysis of mobilized lead was also associated 
with cataract surgeries, p < .05. This appears to be the first report of a possible 
association between lead and cataracts in women and highlights the need for women to be 
studied in the context of their biology when their clinical results differ from those of men. 
These results should engender positive social change initiatives to minimize women’s 
perimenopausal exposure to endogenous lead. Recommendations for further research 
include a case control study, which includes plasma lead levels, and a longitudinal study.  
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Chapter 1: Introduction to the Study 
Preface 
Cataracts are the principal cause of blindness in the world (World Health 
Organization, 2006) and the leading cause of vision loss in the United States of America 
(Centers for Disease Control and Prevention [CDC], 2013d). The American Optometric 
Association (2004) stated that more than 50 percent of the people over the age of 65 have 
some degree of cataract development. Schaumberg et al. (2004) found an association 
between the lifetime storage of lead in long bones and the incidence of cataracts in men 
who were over 60 years of age. Women have a higher risk for cataracts and other vision-
related problems than men (Congdon et al., 2004; World Health Organization, 2013); 
however, no comparable study to Schaumberg et al. (2004) has been previously 
conducted on a population of women. This study was designed to address this research 
gap and investigate a potential cause of the phenomenon of earlier cataracts in women, 
potentially leading to initiatives that would help both genders. 
Introduction 
This research study investigated potential links between lead released in women’s 
bodies during perimenopausal years and the earlier appearance of cataracts and other 
vision-related issues in women compared to men. This study examined several secondary 
datasets for variable data on vision and lead. The secondary datasets from the 2005 – 
2006 and 2007 – 2008 National Health and Nutrition Examination Surveys (NHANES) 
were chosen because these datasets contain data on vision issues, cataract surgeries, lead 
levels, bone density data, menopause status, smoking and other covariates associated with 
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cataracts. These continuous NHANES datasets were sampled to be representative of the 
population of the United States. However, the Centers for Disease Control and Prevention 
oversampled some sub-groups in order to ensure that bias due to small sample size was 
minimized (Centers for Disease Control and Prevention, 2014b). The NHANES datasets 
contain data on blood lead levels, biological markers; bone density measurements; eye 
examinations excluding examinations for cataracts and cataract surgeries; and responses 
to questionnaires on osteoporosis, prescription drug use, socio-economic factors, and 
demographics. 
Cataract surgeries were not used as the major criterion for assessing vision-related 
problems. One reason for this decision is that gradable cataracts can take years to develop 
(Brown et al., 1999); the length of time it takes cataracts to mature put these 
measurements outside the study scope. Another reason that cataract studies were not used 
as a major criterion is the American Optometric Association’s (2004) advice to eye care 
specialists that cataract surgeries are indicated only when the presence of the lens 
opacities interferes with patients’ routine activities. The recommendation is not based on 
the grade of the cataract and thus there is no standard criterion for the grade of cataract 
that warrants or requires cataract surgery. A third reason is that Caucasians have cataract 
surgery at a rate 2.8 times higher than that of African Americans (West et al., 1998). 
Using the presence of cataract surgeries as the only criterion for assessing the incidence 
of cataracts in a population sample could therefore lead to underestimating the incidence 
of cataracts in the non-Caucasian U.S. population to a significant degree. This led to 
several study design considerations such as including data from responses to vision-
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related questions as well as data from the results of direct clinical examinations. The 
intention of this approach was to minimize bias and to determine whether there was a 
possible association between mobilized lead and early cataractogenesis and other vision-
related problems in perimenopausal women.  
Background 
This section of the chapter contains information on cataracts in the general 
population and the reason for the premise for this research, which is that endogenous lead 
is a possible causative factor for cataracts in perimenopausal women. The main types of 
cataracts are depicted, information on possible mechanisms for injury to the eye lenses by 
lead are laid out, and sources of lead in the environment and entry into and storage in the 
compartments of the body are also explained. The section ends with discussions on the 
phenomenon of lead mobilization in perimenopausal women, the known deleterious 
effects of endogenous lead, the postulated pathway for damage to the eye lenses by 
mobilized lead, and the gap in knowledge that needed to be explored. The next subsection 
contains information on the reason for this dissertation study and the nature of the 
cataracts that can lead to a decrease in vison or even complete loss of vision to an 
individual. 
Description of Cataracts and Their Impact on Individuals 
Cataracts can interfere with daily activities and if left untreated may lead to 
blindness (American Optometric Association, 2004; World Health Organization, 2006). 
The only treatment for cataracts is to have surgery. Not everyone has access to surgery, 
and if they do; there is still an element of risk to having the surgery since complications 
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can result (Taylor, 2002; West et al., 1998). The majority of humans will develop some 
form of cataract if they live long enough (Taylor, 2002). If knowledge about 
cataractogenesis is increased, then steps could be taken to delay the onset of cataracts in 
individuals until they are no longer needed and prolong quality of life years for 
individuals. The goal of this dissertation is to add to the knowledge about cataracts so that 
quality of life years for all individuals can be extended.  
Cataracts are opacities of the eye lenses which limit vision. Eye lens opacities 
may be caused by birth defects (congenital), trauma, or as a consequence of aging 
(American Optometric Association, 2014). The term “cataract” refers to how the 
opacities appear to run over the lenses and cloud them in a way that is characteristic of 
waterfalls (United Nations Environment Programme, 2006). There are three main forms 
of cataract: nuclear, cortical, and subcapsular. In nuclear cataracts, the center of the 
lenses gradually becomes opaque and the nucleus of the lens changes from clear to 
yellow and sometimes to brown. Cortical cataracts radiate in “spokes” from the periphery 
of the lens and surround the nuclei of the lenses. A Posterior subcapsular cataract 
develops at the back of the lens. Subcapsular cataracts may develop quickly in some 
patients. The main types of cataract are shown in Figures 1 – 3 below: 
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Figure 1. Illustration of a Nuclear Cataract. Adapted from “Cataract” by American 
Optometric Association, 2014. Retrieved from http://www.aoa.org/patients-and-
public/eye-and-vision-problems/glossary-of-eye-and-vision-conditions/cataract?sso=y. 
Copyright 2014 by Eyemaginations. Reprinted with permission. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 2. Illustration of a Cortical Cataract. Adapted from “Cataract” by American 
Optometric Association, 2014. Retrieved from http://www.aoa.org/patients-and-
public/eye-and-vision-problems/glossary-of-eye-and-vision-conditions/cataract?sso=y. 
Copyright 2014 by Eyemaginations. Reprinted with permission. 
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Figure 3. Illustration of a Subcapsular Cataract. Adapted from “Cataract” by American 
Optometric Association, 2014. Retrieved from http://www.aoa.org/patients-and-
public/eye-and-vision-problems/glossary-of-eye-and-vision-conditions/cataract?sso=y. 
Copyright 2014 by Eyemaginations. Reprinted with permission. 
 
 Postsubcapsular (PSC) cataracts affect vision more than the other types of 
cataracts (McCarty et al., 2000). Although cortical opacities are reported as the most 
prevalent type of age-related lens change, the type of cataract most frequently responsible 
for the decision of patients to undergo cataract surgery is either a PSC cataract (Kanthan 
et al., 2008; McCarty et al., 2000) or a mixed type of opacity with a nuclear-posterior 
subcapsular component (Belpoliti et al., 1995). Caucasians are significantly more likely 
to have nuclear opacities and posterior subcapsular (PSC) opacities and African 
Americans are more likely to have cortical cataracts (Delcourt et al., 2000; West, 2000). 
This phenomenon correlates with the observation that Caucasians are more likely than 
non-Caucasians to have surgeries for cataracts (West et al., 1998). 
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Lead as a Possible Causative Factor for Age-Related Cataracts 
This dissertation research is about the association of lead with cataractogenesis in 
perimenopausal women. It is important to review how lead from the environment can 
become incorporated in the body and build up over time in a manner that would lead to 
cataractogenesis. The premise for this dissertation study is compiled from three main 
hypotheses: First, lead has been linked to several health disorders and, despite well-
documented toxic effects on the human body; lead continues to be employed in a variety 
of industrial uses (Tokar et al., 2013). Second, lead is ingested in small amounts in food 
or inhaled in dust particles throughout life (Rabinowitz et al., 1976). Lastly, after 
ingestion, some lead is compartmentalized in the various tissues of the body, but most of 
it is excreted. However, the half-life for lead in bone compartments is very long and lead 
can build up in those bone compartments over time (Rabinowitz et al., 1976). Analysis of 
data in an epidemiological study revealed an association between lead in long bones and 
cataract formation in men older than 60 years of age (Schaumberg et al. 2004). This 
pathway: occupational exposure or continuous incidental exposures to small amounts of 
lead and sequestration in the bones over a lifetime is the premise for this dissertation 
study. 
Previous analysis of human eye lenses demonstrated the presence of lead in 
cataractous lenses but did not identify significant amounts of lead in clear human lenses 
(Cekic, 1998; Shukla et al., 1998). Lead was also found in the cataractous lenses of 
smokers when the cataractous lenses were analyzed directly for lead content (Mosad et 
al., 2010). However, the lead content of non-cataractous lenses was estimated based on 
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the blood lead levels of the participants who were not diagnosed as having cataracts 
(Mosad et al., 2010). Mosad et al. concluded that non-smokers did not have significant 
levels of lead in their lenses. The researchers postulated that an oxidative mechanism was 
responsible for the increased incidence of cataracts observed in smokers around the world 
since the smokers in the study who had cataracts also had low levels of vitamin C, which 
is an antioxidant (Mosad et al., 2010). The reported association between lead and 
cataracts in Mosad et al.’s study lends credence to the main premise for this research, 
which is that endogenous lead is a possible causative factor for cataracts in 
perimenopausal women. 
Lead and the General Population 
Significant efforts in the United States have been made to reduce lead and other 
toxic burdens in the environment over the last several decades. Many of these efforts are 
the result of the geochemist Dr. Claire Patterson’s presentation on the harmful effects of 
lead in the environment to the U.S. Congress in 1966 (Needleman, 2000; Tepper & 
Levin, 1975). Patterson’s efforts led to the passage of the Clean Air Act in 1970 
(Callendar & Van Metre, 1997). The Act included a ban on the use of leaded gasoline, 
and a general reduction in other sources of lead such as stack emissions, paints, and 
solders (Callendar & Van Metre, 1997). Consequently, there has been a drastic reduction 
in lead air emissions and a corresponding decrease in ambient lead since this legislation 
took effect (Environmental Protection Agency, 1995). The decrease in ambient air lead 
levels has led to a decrease in the blood lead levels of the U.S. population by 78% from 
1978 to 1991 (Pirkle et al., 1994). 
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 Not all lead exposure comes from active pollution. Chillrud et al. (1999) stated 
that the environmental lead burden in New York City is the result of residues from past 
municipal incineration and not from residues of leaded gasoline use (Chillrud et al., 
1999). The Environmental Protection Agency (EPA) has reported that, decades after the 
passage of the Clean Air Act, the lead levels in the soil, of industrial and non-industrial 
locations in some U.S. cities are still very high (EPA, 2001). The EPA also stated that the 
U.S. population is still exposed to environmental lead although there is no ubiquitous 
exposure as occurred before the regulations of the Clean Air Act became effective (EPA, 
2001). This situation is also compounded by other factors such as the immigration of 
families with unknown blood lead levels to the U.S., the importation of some foods and 
toys that may contain high levels of lead, and the maintaining of customs associated with 
exposure to relatively high levels of lead (Abadin, 2007; CDC, 1998; CDC, 2002; CDC, 
2013b; Center for Food Safety and Applied Nutrition, 2005). Expectant mothers and 
children are routinely tested for elevated blood lead levels but there is no similar program 
for the rest of the population. Therefore, the percentage of people who may have levels of 
lead in their bodies that are inconsistent with good health is unknown. The purpose of this 
study was to find out whether perimenopausal women who participated in the NHANES 
surveys have a higher risk for incidence of cataracts or vision-related issues based on 
their levels of mobilized endogenous lead: A demonstrated higher risk for this sample of 
women would mean that perimenopausal women should be added to the segment of the 
population who are routinely checked for elevated blood lead levels. 
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  The continual ingestion of small amounts of lead in food and the inhalation of 
dust particles polluted with lead are sources of lead exposure for the general population 
(Brown & Margolis, 2012; Rabinowitz et al., 1976). A meta-review of X-ray 
fluorescence studies for lead in various U.S. survey respondents revealed wide variations 
in blood lead levels which are illustrated in Table 1 (Ambrose et al., 2000). Based on the 
review report of Abadin et al. (2007), I believe that exposure to lead and storage of lead 
by the human body lead will continue into the near and far future. 
 
Table 1 
 
Tibia Lead in a Cross-section of the U.S. Population 
 
Group Tibia lead, µg/g  bone mineral 
Suburban teens 4 
Women of childbearing age 10 
Adults with history of childhood lead  22 
Age-matched controls 5 
65 year-old males 22 
Active lead workers 21 
Retired lead workers  32 
Lead factory office workers 8 
Unexposed controls 4 
Lead workers 25 
Unexposed controls 10 
Lead workers 48 
Lead workers  41 
Note. Adapted from “Bone Lead Concentrations Assessed by In Vivo X-ray 
Fluorescence” by Ambrose et al., 2000, Clinical Chemistry, 46(8 Pt 1), p. 1171-1178.  
Copyright 2008 by the American Association for Clinical Chemistry. 
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Lead and Perimenopausal Women 
 Researchers have been aware of the phenomenon of lead mobilization in 
perimenopausal and postmenopausal women for a few decades: Previous studies 
performed on data from the National Health and Nutrition Examination Survey 
(NHANES) revealed that women begin to lose bone mass due to bone demineralization 
during the perimenopausal years (Symanski & Hertz-Picciotto, 1995). The 1995 study of 
Symanski and Hertz-Picciotto validated previous reports of perimenopausal bone 
depletion by Harmon and Talbert (1985). Examination of the NHANES data also 
revealed that postmenopausal women and smokers had higher levels of blood lead than 
any other group (Silbergeld et al., 1988).  There appeared to be additive effects for 
women who were both smokers and perimenopausal (Symanski & Hertz-Picciotto, 1995). 
Analysis of the data also revealed a decrease in blood lead levels in the postmenopausal 
years as the rate of bone demineralization decreased; women in the early postmenopausal 
years had significantly higher levels of blood lead than women in the later 
postmenopausal years (Silbergeld et al., 1988; Symanski & Hertz-Picciotto, 1995). High 
blood lead levels post osteoporosis and post menopause were negatively associated with 
degree of parity (Silbergeld et al., 1988). This finding correlated with earlier work which 
showed that lead was leached from the bone during metabolic states such as pregnancy, 
lactation, and osteoporosis or osteopenia (Silbergeld et al., 1988).  
 Depending on their location in the world, women may experience menopause 
during the fifth or sixth decade of life: Women in developed countries generally 
experience menopause around 49.3 to 51.5 years of age (Bromberger et al., 1997; Do et 
12 
 
 
al., 1998; Frommer, 1964). The median age range for menopause for women in the 
United States is 51.2 years (Reynolds & Obermeyer, 2005). Bone loss begins to occur in 
the menopausal years (Harmon & Talbert, 1985; Weyermann & Brenner (1998), but 
depending on heredity and estrogen status, low bone mass may begin in the 
premenopausal years (Armamento-Villareal et al., 1992).The women who were the focus 
for this dissertation study were either in the perimenopausal years or in the first few years 
after menopause. By choosing women who were aged 40 to 55 years for the study, I 
hoped to study those women who were most at risk for bone depletion and lead 
mobilization and therefore more at risk for vision issues according to the hypothesis for 
this study. 
Postulated Mechanism for Mobilization of Lead Post Menopause 
 Researchers have conducted studies to elucidate a mechanism for the bone 
demineralization or osteopenia, which occurs during the menopausal transition: Possible 
hypotheses have included a decrease in the release of parathyroid hormone which 
regulates bone mineralization following a reduction in estrogen levels, decreased 
absorption of calcium from the intestine, and impaired activation to the precursors of 
vitamin D (Cumming et al., 1985; Riggs & Melton, 1984). In 2006, Weitzman and 
Pacifici proposed that osteopenia resulting from reduced estrogen levels is the end 
product of many complex processes. Some of the processes involve an increase in 
interleukin-7, decreases in transforming growth factor-beta and insulin-like growth 
factor, amplification of T-cell activation, and suppression of the bone-forming osteoblasts 
(Weitzmann & Pacifici, 2006). Researches have reported that significant bone mineral 
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depletion occurs during the first two to four years or four to eight years after the menses 
cease (Riggs et al., 2002; Ruegsegger et al., 1984). Concomitant with the bone 
demineralization in the middle years of life is the release of lead from the bone to the 
bloodstream (Symanski & Hertz-Picciotto, 1996).  
Deleterious Effects of Endogenous Lead 
 The Normative Aging Study is a longitudinal study of the health of veterans 
affiliated with the Department of Veteran Affairs. Investigators of the Normative Aging 
study found that that endogenous lead is associated with age-related diseases such as 
hypertension and renal dysfunction (Hu et al., 1996). The investigators hypothesized that 
lead could also be implicated in other age-related diseases (Hu et al., 1996). Women are 
more likely to experience more rapid bone demineralization than men during the 
perimenopausal period (Harmon & Talbert, 1985). The risk for damage by lead to 
internal organs increases as a result of the rapid demineralization (Gulson et al., 1995; Hu 
& Hernandez-Avila, 2002; Korrick et al., 1999; Nash et al., 2003; Nash et al., 2004; 
Rothenberg et al., 2002). Nash et al. (2003) also reported that lead mobilized during bone 
demineralization is associated with deleterious effects such as hypertension. The reports 
of the disease-causing effect of endogenous lead lend credence to the hypothesis for this 
study that lead is a possible causative factor for cataracts in women.    
Lead as a Possible Cause for Earlier Cataractogenesis in Postmenopausal Women 
 Investigators of age-related cataractogenesis in twins found that the environment 
plays a considerable role in the development of cataracts (Hammond et al., 2000). After 
Schaumberg et al. (2004) reported an association between endogenous lead and cataracts; 
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Neal et al. (2005) verified that lead can cause opacities in lenses. However, the 
mechanism by which lead can damage the eyes is not singular: Theories for the 
mechanism of damage to the lens by lead include glutathione metabolism, changes in 
redox status, imbalance in calcium homeostasis, and modification of the lens protein 
(Park et al., unpublished). The synopsis of the theories is that lead can damage the eye 
lenses by one or a combination of several mechanisms. 
 The hypothesis for this study is that the pathway by which endogenous lead can 
damage the eye lenses of postmenopausal or perimenopausal women is linear: 
Postmenopausal women are subject to increased bone turnover (Hellekson, 2002) with a 
resulting loss of bone mass and likely mobilization of lead stores (Hernandez-Avila et al., 
2000; Silbergeld et al., 1988; Symanski & Hertz-Picciotto; 1995). In 2009, investigators 
reported that high levels of bone turnover markers are significant predictors of blood lead 
levels (Machida et al. 2009). Analysis of the study revealed that perimenopausal women, 
who, on average, have the highest rate of bone turnover, have higher blood lead levels 
than other groups of women (Machida et al., 2009). This series of phenomena – 
menopausal transition, bone loss, lead mobilization, and eventual deleterious effects on 
internal metabolic processes – was hypothesized as a sequential pathway for damage to 
the eye lenses by lead in postmenopausal and perimenopausal women. 
 Investigators of one epidemiological study reported results that appear to 
support the hypothesis that lead damages eye lenses: Analysis of the results showed an 
inverse relationship (OR=0.25) between the prevalence of cataracts and drinking milk 
(Miglior et al., 1994). The reason for this belief is milk is a major source of calcium in 
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the diet and increased intake of calcium results in decreased absorption of lead because of 
competition (Bruening et al., 1999; Weyermann & Brenner, 1998). Therefore, a possible 
explanation for the observed inverse relationship between drinking milk and cataracts is 
that individuals who have a diet high in calcium have lower sequestration of lead in the 
bones than individuals who are exposed to the same amount of environmental lead but do 
not have calcium-rich diets. Consequently, decreased sequestration of lead in the bodies 
of individuals who drink lots of milk leads to decreased risk for lead-induced damage to 
the lenses of the eyes. 
 Conversely, women who are undergoing the menopausal transition with high 
levels of bone resorption have higher possible exposure to endogenous lead than women 
who are not at the same phase of the life cycle. If the effects of the mobilized lead are not 
reduced by chelation or competition from calcium, then the possibility exists that the lead 
could have deleterious effects on the lens of the eyes as it does to other tissues and organs 
of the body. Thus, the inverse relationship between drinking milk and cataracts gives 
credence to the hypothesis that the perimenopausal mobilization of endogenous lead may 
be the cause of the higher risk for cataracts in women.   
 The summary of information that supports the hypothesis that endogenous lead 
may be a causative factor for the earlier cataractogenesis and higher risk for vision-
related problems in women worldwide is three-fold. First, the National Institutes of 
Health (2000) issued a consensus statement that both men and women experience 
osteoporosis in their later years but that men do so at least a decade after women 
(Hellekson, 2002). Second, previous investigators have shown that post-menopausal 
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women experience a rise in blood lead level as the bones begin to demineralize 
(Hernandez-Avila et al., 2000; Silbergeld et al., 1988; Symanski & Hertz-Picciotto, 
1995). Third, meta-review of data on cataracts revealed that women generally experience 
cataracts significantly earlier than men do (Congdon et al., 2004).  This sequence of 
events lines up in a pattern that would fit damage to the lens by endogenous lead released 
from the bones due to demineralization or osteoporosis during the menopausal transition. 
A simplified timeline of the relevant information regarding menopause, osteopenia, and 
maturation of cataracts that can lead to surgery is shown in Figure 4. 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 4. A visualization of the temporal sequence of events described in the study. 
 
The purpose of this research was to explore the gap between the beginning of 
perimenopausal bone turnover and the manifestation of cataracts and other vision-related 
problems. The goal was to determine if lead is a possible causative factor for the early 
appearance of vision-related problems in women. The results of this study add to the pool 
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of knowledge regarding cataracts and other age-related eye diseases in postmenopausal 
women.  
Gaps in Knowledge Addressed by this Study 
 It is not well understood how cataracts are formed or the reason that women 
have a higher prevalence of cataracts and show clinical vision-related symptoms earlier 
than men. A meta-review showed that females (depending on ethnicity) surpass or exceed 
males in the prevalence of cataracts during the perimenopausal years (Condgon et al., 
2004). However, exogenous estrogen does not directly confer protection on the lens 
against cataracts (Kanthan et al., 2010). More research needed to be conducted to reveal 
the causative factor for the higher prevalence of cataracts in women as women enter the 
postmenopausal years.  
 Examination of the results of many studies revealed the greater prevalence of 
cataracts in women (Jonasson & Thordarson, 1987; Klein et al., 2003; Leske et al., 2010). 
However, every type of cataract may not always lead to early cataract surgery (Belpoliti 
et al., 1995). Bone lead is mobilized when osteoporosis occurs in post-menopausal 
women (Hernandez-Avila et al., 2000; Silbergeld et al., 1988; Symanski et al., 1995); 
cataracts also occur in the post-menopausal years. This study was conducted because I 
believed analysis of a study that links the various phenomena associated with lead and 
cataracts could reveal the reason for the higher prevalence of cataracts and other vision-
related problems in postmenopausal women. In addition, the study was not confined to 
analysis of data on cataract surgeries.  This study included the analysis of data on generic 
vision issues since not all types of cataracts lead to early cataract surgery and not all 
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individuals who need cataract surgery are generally able to do so (Taylor, 2002; West et 
al., 1998). 
Statement of the Problem 
 The purpose of this research study was to focus on the problem of the earlier 
appearance of cataracts and other vision-related problems in women. I conducted the 
research because of my belief that the phenomenon was related to the increased bone 
turnover and release of endogenous lead that occurs after and during the perimenopausal 
period. Selected data on biomarkers in the sample of women aged 40 to 55 years who 
participated in the 2005-2008 National Health and Nutrition Examination Surveys were 
analyzed. Based on the results of the analysis, it is my belief that public health officials 
could use the information to engender change and lessen the incidence of 
cataractogenesis in perimenopausal women.  
 According to the World Health Organization (2013), women have a higher risk 
for vision-related problems. There are numerous published reports regarding the higher 
prevalence of cataracts in women than in men. Jonasson and Thordarson (1987), Leske et 
al. (2000), Mukesh et al. (2006), and Resnikoff et al. (2004) on behalf of the World 
Health Organization, are a few of the authors who reported that women have a higher risk 
for cataracts. A meta-review of cataract research revealed that cataractogenesis generally 
occurs earlier in women than in men (Congdon et al., 2004). Except for age, known 
causes of cataracts include asthma, (Delcourt et al., 2000), cooking with biomass fuels 
(Mishra et al., 1999), glucocorticoids (Cumming & Mitchell, 1999; Stanford University, 
2003), radiation (Gragoudas et al., 1995), smoking (Christen et al., 2000, McCarty et al., 
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1999), and ultraviolet light (Hollows & Moran, 1992). However, examination of the 
literature has not revealed that any of the above causes are definitely connected with 
women worldwide.  
 The expectation is that women will continue to have longer lifespans and 
therefore women will also have the potential for longer exposure to visual impairment 
problems if the causes of visual impairment are left untreated (WHO, 2013). On the other 
hand, cataract surgeries are not without risk (Centers for Disease Control and Prevention, 
2007). Cataracts have also been associated with a higher risk for mortality (Hennis et al., 
2001; Knudtson et al., 2006; West et al., 2000). Based on the foregoing, there is a need 
for studies to elucidate the reason for the phenomenon of earlier and higher risk for 
cataracts and other vision-related problems in the female gender.  
Purpose of the Study 
 The purpose of this research was to determine if there is any association 
between the release of lead during perimenopausal bone demineralization and the early 
incidence of cataracts and other vision-related issues in women. The method was 
quantitative. The main independent variables were cataract surgeries and vision issues. 
Mobilized lead was the dependent variable. The data on the variables were obtained from 
the National Health and Nutrition Examination Surveys website at 
www.cdc.gov/nchs/nhanes.htm. 
Research Question(s) and Hypotheses 
The research questions and hypotheses that relate to the purpose of the study were 
as follows: 
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RQ1 What is the relationship between the incidence of cataracts and elevated blood 
lead levels in perimenopausal women when there is evidence of bone turnover? 
H10  There is no significant relationship between the incidence of cataracts and 
elevated blood levels in perimenopausal women when there is evidence of bone 
turnover. 
H1A There is a significant relationship between the incidence of cataracts and elevated 
blood levels in perimenopausal women when there is evidence of bone turnover. 
RQ2 What is the relationship between elevated blood lead levels and general vision 
problems in perimenopausal women? 
H20 There is no significant relationship between elevated blood lead levels and 
general vision problems in perimenopausal women. 
H2A There is a significant relationship between elevated blood levels and general 
vision problems in perimenopausal women. 
RQ3 Is evidence of cataractogenesis or general vision-related problems in 
perimenopausal women with evidence of bone lead mobilization (elevated blood 
lead levels and evidence of bone demineralization) significantly different from the 
incidence of cataracts or general vision-related problems in perimenopausal 
women with no evidence of bone lead mobilization? 
H30 Evidence of cataractogenesis or general vision-related problems in 
perimenopausal women with evidence of bone lead mobilization (elevated blood 
lead levels and evidence of bone demineralization) is not significantly different 
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from the incidence of cataracts or general vision-related problems in 
perimenopausal women with no evidence of bone lead mobilization. 
H3A Evidence of cataractogenesis or general vision-related problems in 
perimenopausal women with evidence of bone lead mobilization (elevated blood 
lead levels and evidence of bone demineralization) is significantly different from 
the incidence of cataracts or general vision-related problems in perimenopausal 
women with no evidence of bone lead mobilization. 
RQ4 Is the evidence of cataractogenesis  or general vision-related problems in 
perimenopausal women with evidence of bone lead mobilization significantly 
different from the evidence of cataracts or general vision-related problems in 
perimenopausal women with no evidence of bone lead mobilization when the data 
are controlled for age? 
H40 Evidence of cataractogenesis or general vision-related problems in 
perimenopausal women with evidence of bone lead mobilization is not 
significantly different from the evidence of cataracts or general vision-related 
problems in perimenopausal women with no evidence of bone lead mobilization 
when the data are controlled for age.  
H4A Evidence of cataractogenesis or general vision-related problems in 
perimenopausal women with evidence of bone lead mobilization is significantly 
different from the evidence of cataracts or general vision-related problems in 
perimenopausal women with no evidence of bone lead mobilization when the data 
are controlled for age. 
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Theoretical and/or Conceptual Framework for the Study 
 The main hypothesis for this study is that there is a significant relationship 
between the incidence of cataracts and elevated blood levels in perimenopausal women 
when there is evidence of bone turnover. The theoretical and conceptual frameworks for 
this research study were synthesized from the social cognitive theory (SCT) and the 
results of various epidemiological and other peer-reviewed studies performed in the past 
50 years. Information gauged from this research study can be associated with the various 
components of SCT which are psychological determinants of behavior, environmental 
factors, moral detachment, observational learning, and self-regulation (McAlister et al., 
2008). The results of clinical studies in the past century revealed that lead is stored in 
compartments of the body (Rabinowitz et al., 1976). The stores of lead may be mobilized 
from bones due to various stressors (Hernandez-Avila et al., 2000; Silbergeld et al., 1988; 
Symanski & Hertz-Picciotto, 1995). The mobilized lead can have deleterious effects on 
the body including the lens of the eyes (Schaumberg et al., 2004). A flowchart illustration 
of the scientific premise for the study is shown in Figure 5. 
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Figure 5. Flowchart Illustration of Framework for Study of Endogenous Lead and 
Cataracts in Perimenopausal Women. 
Nature of the Study 
 The nature of this study was a quantitative method to investigate whether 
endogenous lead is a possible cause for cataractogenesis or other vision-related problems 
in perimenopausal women. This epidemiological study was a case control study. The 
research participants were perimenopausal women aged 40-55 years who participated in 
the National Health and Nutrition Examination Survey (NHANES) during the years 
2005-2008. The sample for the NHANES was selected to represent the U.S. population 
by age range (Centers for Disease Control and Prevention, 2014a). However, some 
24 
 
 
groups were deliberately oversampled to ensure the statistics produced from the surveys 
are reliable. The groups that were oversampled included African Americans, Asians, 
Hispanics, and persons older than 60 years. Thus, the expectation is that the sample of 
women aged 40-55 years contained ethnic and racial groups that were overrepresented 
when compared to the composition of the U.S. population. 
  Cataractogenesis has many causative factors. Therefore, in order to address 
known confounders, prescription drugs, age at last menstruation, ever nursed children, 
smoking status, and other factors were included in the analysis. Variables that were 
analyzed included blood lead levels, the presence or absence of osteopenia, blood 
turnover markers, and the presence or absence of cataracts and other vision-related 
problems. Operational definitions that were used in the study are shown below. 
 
Operational Definitions 
Alkaline Phosphatase. An enzyme associated with the 
metabolism of bone and lipid transport in the 
intestine (Panteghini & Bais, 2014). 
 
Calcium: Calcium is the fifth most common element in the 
body and the most prevalent cation. The skeleton 
contains about 99% of the calcium in the body 
(Panteghini & Bais, 2014).  
 
Cataract: Clouding of the lens that reduces vision 
(Merriam-Webster, 2014). 
 
Glaucoma: An eye disease characterized by increased 
pressure within the eyeball that results in damage to 
the optic disk and a gradual loss of vision (Merriam-
Webster, 2014). 
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Macular degeneration: Gradual loss of the central vision. It 
usually affects the elderly in both eyes. Bleeding 
fluid leakage may occur in some forms (Merriam-
Webster, 2014). 
 
Menopause: The permanent cessation of menstruation due 
to ovarian failure (Panteghini & Bais, 2014). 
 
Osteopenia: Osteoclastic (bone resorption) activity that 
supersedes osteoblastic (bone building) activity can 
lead to osteopenia or bone demineralization 
(Panteghini& Bais, 2014).  
 
Osteoporosis: Disease characterized by a loss in bone 
density that can result from remodeling imbalance 
during the first few years after menopause 
(Panteghini & Bais, 2014). 
 
Perimenopause: The period around the onset of menopause that may be 
characterized by several physical signs such as menstrual irregularity and 
hot flashes (Merriam-Webster, 2014).  
 
Retinopathy: Noninflammatory disorders of the retina that 
may lead to blindness (Merriam-Webster, 2014). 
 
Total Bilirubin: Bilirubin is a pigment derived from old red 
blood cells. Increased levels of bilirubin are seen in 
liver disorders of the liver. Testing for total bilirubin 
(the sum of direct and indirect bilirubin) is a method 
that is transferable among clinical laboratories 
(Panteghini & Bais, 2014). 
 
Assumptions 
The phenomenon of earlier vision-related problems in women is worldwide 
(World Health Organization, 2013). Therefore, no efforts were made to reweight the 
sample population studied for this research study to ensure that the sample of women is 
representative of the U.S. women. The assumption was that ethnic composition of the 
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sample did not matter because all women are at risk. Other implicit assumptions were 
that the instruments used in the National Health and Nutrition Examination Surveys of 
2005-2006 and 2007-2008 gave accurate results and the recall of the participants was not 
biased. NHANES surveys are sampled to be representative of the United States 
population. However, some groups were deliberately oversampled in order to reduce 
potential bias due to low numbers.  
Scope and Delimitations 
The sample population for this study was derived from the participants of the 
National Health and Nutrition Examination Survey during the years 2005 to 2008. A 
delimitating factor for this research was that the sample population was restricted to 
women aged 40 to 55 years, the perimenopausal years, and the years when there is a 
greater likelihood that endogenous lead is mobilized (Machida et al. 2009). Information 
gained from the study should be generalizable to women everywhere in the time period 
studied since the phenomenon of earlier cataractogenesis and general vision problems in 
women is worldwide (Congdon et al., 2004; World Health Organization, 2013).  
Limitations 
The major assumption of this research study was that earlier cataracts and other 
vision-related problems are a consequence of demineralization of the long bones after 
menopause; this may not necessarily be so. Other limitations were the inherent limitation 
of each quantitative clinical laboratory assay that was included in the study and the 
completeness of the data at baseline. Quantitative laboratory assays have some degree of 
imprecision and bias. However, this limitation is generally acceptable once the degree of 
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bias or imprecision is within the limits specified by the Clinical Laboratory Improvement 
Act (CLIA). The Division of Laboratory Sciences, National Center for Environmental 
Health performed the laboratory tests for the National Health and Nutrition Examination 
Survey (Centers for Disease Control and Prevention, 2014,b). Information on the 
methods is available at the National Health and Nutrition Examination Survey website at 
www.cdc.gov/nchs/nhanes/nhanes_questionnaires.htm.  
A study on cataracts should include adjustments for known confounders such as 
diabetes, use of steroids, and high exposure to ultra violet light. The presence of these 
confounders could limit the power of the study. Unknown confounders may cause an 
inaccurate interpretation of the study. Significant bias in the data was not expected since 
the data was collected by a computerized questionnaire, and the laboratories that 
performed the analyses are CLIA-certified laboratories (Centers for Disease Control and 
Prevention, 2014b).  
Significance 
Implications for Change in Care of Perimenopausal Women 
 Social change involves providing timely solutions to pressing problems in our 
contemporary society (Walden University, 2013). Hypotheses that relate to tangible 
efforts that can be taken to engender positive social changes have implications for 
positive social change (Walden University, n.d.). The hypothesis of this research was that 
evidence of vision-related issues in perimenopausal women with evidence of bone lead 
mobilization would significantly differ from evidence of vision-related problems in 
women with no evidence of bone lead mobilization. The research was undertaken 
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because of the belief that if the results of this research showed that lead can be implicated 
in the early vision-problems of women; then positive steps would be taken to improve the 
quality of life for women in their later years. One of the steps that could be taken is the 
modification of the standard of care for women to include testing for and chelation of 
mobilized lead while women are in their perimenopausal years. 
Implications for Wider Societal Change 
 Based on the results of the Visual Impairment Study, the majority of individuals 
will develop cataractous lenses if they live enough years (Taylor, 2002). Therefore this 
epidemiological study could be used to advance knowledge regarding cataracts or other 
vision-related problems that would be of benefit to both genders. Increased knowledge 
about cataractogenesis would help individuals to make lifestyle changes to improve care 
of the natural lenses. Increased knowledge would also enable public health officials to 
advocate for perimenopausal care that would result in the delay of cataract surgeries until 
those surgeries are no longer necessary for many individuals. A delay in the need for 
surgery would mean an increase in the quality of life years. On the macroeconomic scale, 
delays in the need for cataract surgeries could have positive social implications for 
countries. Many of the healthcare dollars spent on cataract surgeries could be spent on 
other worthwhile social projects such as education or the building or rebuilding of roads, 
bridges, and railways. Thus, the results of this study could be used to advocate for 
positive social change that benefits individuals as well as society. 
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The Importance and Health Relevance of the Proposed Study 
 Women are living longer than men and the needs of many aging women are not 
being satisfactorily addressed (Laskar, 2011). If women’s health issues are not addressed 
in a timely manner, the economic burden will be very significant (Laskar, 2011). The 
major aim of this study was to close the gap on one important eye health issue for 
women. The results of this research could be used to benefit both genders since there is a 
growing need to decrease the incidence of cataracts and other vision-related problems in 
the U.S. population that is aging as well as increasing.  
 The United States Census Bureau estimated that the percentage of the 
population that is sixty-five years of age and above will increase from 12% (2000 census) 
to about 20% in the year 2050 (United States Census Bureau, 2013). During that time 
period, the proportion of the working population to those over 65 years of age is expected 
to shrink (United States Census Bureau, 2013). The demand for cataract surgeries falls 
mainly in the over 65 age group which is composed mainly of retirees (National Eye 
Institute & Prevent Blindness America, 2002). As of 2002, the cost of cataract surgeries 
to Medicare was more than 3.4 billion dollars each year (National Eye Institute & Prevent 
Blindness America, 2002). Therefore, a decrease in the demand for cataract surgeries 
could reduce the economic burden on the working population who fund the Medicare 
budget through taxes. The aim of this research was to elucidate whether lead can be 
considered a possible causative factor for cataractogenesis or other vision-related issues 
in perimenopausal women. A demonstrated association between lead and vision-related 
issues could lead to steps that can be taken to reduce the lead burden at this critical period 
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in life so that cataract surgeries and other eye care may be delayed to the point where 
they will not be needed for some individuals.  
Summary 
Lead is present everywhere in the environment and is stored in the long bones 
over an individual’s lifetime. Schaumberg et al. (2004) conducted a case control study 
and concluded that there was an association between lead sequestered in long bones and 
the incidence of cataracts in men. No similar study was performed for women at that 
time. A literature review revealed that women had a higher risk for cataracts and other 
problems associated with vision. It is possible that the higher risk for cataracts and other 
vision-related issues correlates with the female phenomenon of menopause. The purpose 
of this study was to investigate whether there is any possible association between 
perimenopausal activation of endogenous lead and vision-related problems in women.  
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Chapter 2: Literature Review 
Introduction 
The landmark study by Schaumberg et al. (2004) reported an association between 
lead in the long bones of men over 60 years old and the presence of cataracts in those 
men. The men were considered to have cataracts if they had cataract surgery within a 
year of bone lead measurements or if their lens opacities from eye examinations were 
graded at 3+ or greater on a 4-point grading scale. At the time this topic was first 
researched, no comparable study had been performed on women. Data was lacking 
despite a 2013 report by the World Health Organization that women all over the world 
have a greater risk for vision-related problems than men. Literature review on cataracts in 
women led to literature review on menopause. Additional research revealed that the 
menopausal transition was also marked by a precipitous increase in bone 
demineralization and release of lead to the blood stream. Thus, I developed the 
hypothesis that the biological phenomenon of menopause was related to the higher and 
earlier risk of cataracts seen in women. The risk was greater because bone lead was 
mobilized to the blood stream and circulated to the eye lenses as well as the other soft 
tissues where damage occurred. 
This dissertation study was designed to bridge the gap in the literature regarding 
vision issues and cataractogenesis in women; the main focus being lead as a possible 
causative factor. The study was specifically designed to investigate potential links 
between cataracts in perimenopausal women and the mobilization of lead during bone 
demineralization. The theoretical foundation for this research was that individuals and 
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public health officials would be willing to make the necessary changes once there was 
some evidence that menopause and lead mobilization were linked to cataracts in women.   
Literature review was focused on cataracts, menopause, osteoporosis, lead mobilization 
and vision issues. The results of the review are listed under the subsections Cataracts and 
Their Impact on Individuals, Lead as a Possible Causative Factor for Age-Related 
Cataracts, Lead and the General Population, Lead and Perimenopausal Women, and the 
Mechanism for Perimenopausal Mobilization of Lead. Other subsections are Possible 
Causes for Earlier Cataractogenesis in Postmenopausal Women, Non-Reproductive 
Factors Associated with Cataractogenesis, Lead as a Possible Cause for Earlier 
Cataractogenesis in Postmenopausal Women, Lead and other Vision-Related Problems, 
and information on the variables used from the National Health and Nutrition 
Examination Survey (NHANES) 
Literature Search Strategy 
A time period of five years was used to conduct a current literature search to 
determine whether the gap in the literature remained. Literature sources consisted of 
peer-reviewed as well as non-peer-reviewed articles. In order to determine whether any 
progress had been made to connect the phenomenon of cataracts and lead in older men 
and the occurrence of cataracts and other vision-related problems in women, a literature 
search was conducted of the following databases: Expanded Web of Science, Nursing & 
Allied Health Source, MEDLINE with Full Text, Health & Medical Complete, PubMed, 
Science Direct, NHS Economic Evaluation Database Annual Reviews, Cochrane 
Database of Systematic Reviews, Database of Abstracts of Reviews of Effects (DARE) 
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Evidence-Based Resources from the Joanna Briggs Institute, Health Technology 
Assessments, LEXIS NEXIS, CINAHL Plus with Full Text, and Science Citation Index. 
Google Scholar and the ProQuest Theses & Dissertations and Walden University 
dissertation databases were also used in the literature search process. 
The key terms and combinations of terms used in the search included: women, 
lead, bone, blood, and cataracts; women lead, bone, and blood; osteoporosis, women, and 
bone lead; women, blood and lead; bone lead and cataracts; blood lead and cataracts; 
osteoporosis and cataracts; and women and cataracts. The total number of abstracts 
cursorily reviewed from the Expanded Web of Science and other databases was 3,794. 
The abstracts chosen for further review based on appropriateness for this dissertation 
research totaled 124. The literature review identified many recent studies regarding bone 
demineralization, endogenous lead, and cataracts or other vision-related problems. 
However, very few studies connected all three health conditions.  
Theoretical Foundation 
 The theoretical foundation for this study used social cognitive theory (SCT). 
SCT was first conceived by Miller and Dollard in 1941 and developed by Rotter in 1954 
(McAlister et al., 2008). According to McAlister et al. (2008), the key components of 
SCT are psychological determinants of behavior, environmental factors, observational 
learning, self-regulation, and moral detachment. SCT has also been used to engender 
changes that led to the prevention or management of infectious or chronic diseases 
(McAlister et al., 2008). 
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 Social cognitive theory (SCT) is especially applicable to this research because 
the information gleaned from this study should be used as necessary to change personal 
behavior and reduce debilitation that could be caused by the chronic disease of cataracts. 
The reasoning is as follows: the five components of SCT are evident in this research. 
People generally want to experience good health. Lead is an environmental toxicant that 
is ubiquitous in the environment. The results of this study could indicate there is a 
significant relationship between mobilized lead and cataracts or mobilized lead and early 
vision-related issues in perimenopausal women. If the results of the study indicate there is 
significant association, individuals who learn of the association would have no moral 
hindrance to limiting their exposure to lead or mitigating the effects if the risks are 
apparent. Social awareness should be the realization that continuous health monitoring in 
the perimenopausal years is critical to continued good health in later years. Finally, the 
social response to a study that demonstrates an association between lead and vision-
related problems should be an augmentation in the protocol for wellness-checks of 
perimenopausal women.   
 An alternate theoretical construct considered for this study was the theory of 
reasoned action (TRA). According to Montaño and Kasprzyk (2008), TRA focuses on an 
individual’s motivation to take some form of action. Steps that would be needed to 
implement wellness-checks for perimenopausal women involve changes to public policy. 
Individuals cannot singularly make changes to public policy. TRA would have been 
applicable if individuals could be motivated to modify their behavior to improve their 
health based on the results of the study. However, TRA was discarded as a possible 
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theoretical construct for this study because individuals cannot change or reverse the 
effects of past exposure to environmental lead if adjustments are not made to the 
healthcare system. Similarly, individuals cannot implement measures to ensure 
perimenopausal women are tested for mobilized lead. Any changes that will result from 
this dissertation will be implemented because of public, not individual policy; SCT is 
more applicable than TRA. 
 Two other theoretical constructs, the health behavior model (HBM) and the 
transtheoretical model (TTM), were also considered but not found to be suitable for this 
study. TTM is used for intervention studies (Prochaska, Redding, & Kerry; 2008). HBM 
is used in intervention studies and is also used to predict actions people will take to 
address their individual health (Champion & Sugg Skinner, 2008). However, this 
dissertation study was not interventional in nature. Public policy is needed to make any 
changes that would be necessary based on the results of this dissertation study. Therefore, 
based on the foregoing, Social cognitive theory was the most applicable theoretical 
construct for this study. 
 In my opinion, social cognitive theory (SCT) has already been applied to the 
reduction of lead in the environment and has led to the subsequent reduction of blood 
lead levels in the United States. Social action led to the passage of the Clean Air Act in 
1970 (Environmental Protection Agency, 2001). This in turn led to changes in personal 
behavior as individuals learned about the toxic effects of lead compounds and took action 
to reduce their exposure to the compounds of the metal (Elder, 1997; Environmental 
Protection Agency, 2013). Public awareness also led to changes in occupational standards 
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that reduced workers’ exposure to lead (Centers for Disease Control and Prevention, 
2013a; Occupational Safety and Health Administration, [n.d.]). These successive steps 
that the public and public health agencies undertook to mitigate exposure to 
environmental lead included psychological determinants of behavior, environmental 
factors, observational learning, self-regulation, and moral detachment. 
 The scientific premise associated with this research was derived from a 
combination of four hypotheses. The first is that ingested or inhaled lead is assimilated in 
the bones over a number of years (Abadin et al., 2007; Rabinowitz et al., 1976). The 
second is that women undergo demineralization of bones during the perimenopausal 
years (Harmon & Talbert, 1985; Weyermann & Brenner, 1998). The third hypothesis is 
that the demineralization of bone leads to the release of endogenous lead (Hernandez-
Avila, et al., 2000; Silbergeld et al., 1988; Symanski & Hertz-Picciotto, 1995). The last 
hypothesis is that mobilized lead can be associated with cataractogenesis (Schaumberg et 
al., 2004). 
 The association of lead with cataracts was first highlighted in the 2004 study 
performed by Schaumberg et al. (2004. The investigators reported an association between 
elevated levels of lead in long bones and the presence of cataracts in men older than 60. 
There was a gap in the literature regarding the vision issues of women worldwide despite 
the fact that the World Health Organization reported that women are more susceptible to 
vision issues. I investigated the gap for a possible association between the release of 
endogenous lead into blood and the early appearance of cataracts or other vision-related 
problems in perimenopausal women.  
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 The study population for this research was delineated as women aged 40 to 55 
years in the United States. This population was selected in order to test the hypothesis 
that mobilized lead can lead to vision-related problems in perimenopausal women. The 
rationale was that elevated levels of endogenous lead occur in perimenopausal women 
(Hernandez-Avila et al., 2000; Silbergeld et al., 1988; Symanski & Hertz-Picciotto, 
1995). Endogenous lead can also cause opacities in the lenses (Neal et al., 2005). The 
mechanism for the damage is through the formation of reactive oxygen species (Roy & 
Rossman, 1992; Stohs & Bagchi, 1995). If the previously mentioned hypothesis was 
correct, the expectation was that evidence of cataractogenesis or vision problems in 
women with evidence of released endogenous lead would be significantly different from 
the evidence of cataractogenesis or vision problems in women with no evidence of 
released endogenous lead. 
 A literature review was conducted to ascertain whether any recent studies had 
connected the earlier occurrence of cataracts and other vision-related problems in women 
to the perimenopausal mobilization of endogenous lead. During the review, studies were 
also examined for other causative factors that could confound a study on lead and early 
cataractogenesis in perimenopausal women. The review revealed there were many 
additional studies on endogenous lead and many studies on cataracts. Summaries of 
relevant studies are outlined below. 
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Literature Review Related to Key Variables and Concepts 
Cataracts and Their Impact on Individuals 
 The main hypothesis for this research is that cataracts may be caused by 
endogenous lead. However, investigators conducted a study in Sweden in 2008 and 
concluded that possible causes of cataractogenesis included diabetes, hypertension, and 
waist circumference greater than 80 centimeters (Lindblad et al., 2008). For Swedish 
women older than 65, the risk of cataracts increased three-fold if all three symptoms of 
metabolic syndrome were present (Lindblad et al., 2008).  
 In 2010, Mares et al. (2010) reported that the incidence of nuclear cataracts in 
women is delayed if women follow a diet that is healthy according to the U.S. Healthy 
Eating Index 1995 (HEI-95) score.  Previously, other investigators published the results 
of a prospective 10-year study which indicated that more than 70 percent of Australians 
over the age of 49 have some form of cataracts (Kanthan et al., 2008). The results of the 
study also indicated women had a significantly higher risk for nuclear and cortical 
cataracts, but not for subcapsular cataracts (Kanthan et al., 2008).  
 Researchers of two of the recent studies reviewed specifically addressed 
women’s vision-related problems: The results of one study indicated that gender and 
reproductive hormones influenced the dynamics of the aqueous humor, the lacrimal 
glands, blinking and eyelids, corneal anatomy, the crystalline nature of the lenses and 
cataracts, glaucoma, and other eye diseases (Wagner et al, 2008). The researchers also 
stated systemic diseases or conditions that were unique to women (for example, 
pregnancy and menopause) and certain autoimmune diseases affected conditions of the 
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eyes.  The investigators further concluded that eye diseases should be considered in the 
context of gender, physical and social contexts, and the individual’s stage in their life-
cycle (Wagner et al, 2008). This conclusion gives plausibility for this research since the 
focus is on a possible causative factor for cataracts that occurs during the critical period 
surrounding menopause. The results of the second study confirmed the greater risk for 
cataracts in American women even when the data was adjusted for age (Zambelli-Weiner 
et al., 2012). 
Lead as a Possible Causative Factor for Age-Related Cataracts 
 Investigators in a few recent studies focused on lead as a possible causative 
factor for cataracts or other vision-related problems (Mosad et al., 2010; Park et al., 
unpublished; Yuki et al. 2009), however, the landmark study on lead and cataracts 
remains the study conducted by Schaumberg et al. in 2004. Mosad et al. (2010) followed 
the premise of Schaumberg et al.’s study by conducting clinical research on male 
smokers for the presence of lead, as well as cadmium, beta carotene, and vitamins C and 
E, and beta carotene in blood, and extracted lenses. The researchers determined that 
elevated levels of lead in blood were associated with cataractous lenses of male smokers, 
but cadmium levels were more associated with the incidence of nuclear cataracts (Mosad 
et al., 20010). Park et al. (unpublished) performed bone lead studies on postmenopausal 
women aged 55 to 74 years and reviewed the charts of the participants for evidence of 
cataract surgeries. The researchers found no association between lead in bones and 
evidence of cataracts. However, the study by Park et al. (unpublished) did not mirror the 
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study by Schaumberg et al. (2004) where biomicroscopy was used for primary 
determination of the presence of cataracts. 
Lead and the General Population 
 Lead was added to gasoline in the 1920s to enhance the effectiveness of gasoline 
as a fuel and removed after the passage of the Clean Air Act in 1973 (Get the Lead Out, 
2010). Therefore, widespread exposure to toxic lead levels does not occur in 
contemporary times; however, there are still pockets of lead exposure in various 
segments of the U.S. population: American children are continually exposed to lead dust 
if they live in homes where older layers of lead paint have not been removed (Get the 
Lead Out, 2010). Other sources of lead continue to be soldering in pipes in older homes 
and other lead fixtures (Get the Lead Out, 2010).  
 A review of current articles on lead exposure revealed that hunting populations 
who eat wild animals killed with lead shots may be exposed to particles of the element 
contained in the meat (Hunt et al., 2009). Researchers concluded that this was possible 
after observing that the blood lead content of pigs that ate meat from deer killed in a 
conventional manner was significantly higher than the controls. Particularly at risk may 
be the 10 million hunters, hunters’ family members, and other recipients of venison who 
use the meat to supplement their protein food supplies during the winter months (Hunt et 
al., 2009).  
 Exposure to toxic lead levels has declined. However, lead has been found to 
cause deleterious effects at levels that are not toxic (Get the Lead Out, 2010). The 
Centers for Disease Control and Prevention (CDC) updated the recommendations for 
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acceptable blood lead levels after studies revealed that low levels of lead can cause 
adverse mental and psychological effects (Centers for Disease Control and Prevention, 
2012). One such study may have been an examination of data from the National Health 
and Nutrition Examination Survey (NHANES). The researchers of the study reported a 
direct dose response relationship between elevated levels of lead in the blood and panic 
disorder or major depression (Bouchard et al., 2009). However, there was no significant 
correlation between lead levels and general anxiety disorder (Bouchard et al., 2009).  
 The results of other studies revealed the neurotoxic effects of lead: The result of 
a prospective model indicated a significant relationship between gestational exposure to 
lead and criminal behavior in youths (Wright et al., 2008). Investigators of a clinical 
experiment reported that elevated levels of tibia lead were associated with the deleterious 
effect of reduced cognition in women aged 47 to 74 years (Weuve et al., 2009). Weuve et 
al. (2009) opined that women may have been underrepresented in previous studies. 
Lead and Perimenopausal Women 
 The results of studies indicate that lead remains a public health concern even 
though there is no widespread exposure as in the period when lead compounds were 
added to gasoline (Get the Lead Out, 2010). The mobilization of lead during periods of 
bone resorption continues to be a source of exposure for women during the 
perimenopausal years (Silbergeld et al., 1988). To reduce bone turnover during this 
critical period, women may be able to benefit from a study conducted by Jehle et al. 
(2013) in Switzerland. Analysis of the clinical study revealed that a diet rich in potassium 
citrate which is found in fruits and vegetables reduced the incidence of low bone density 
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in Swiss women (Jehle et al., 2013). Prior to that study, Machida et al. (2009) found that 
evidence of bone turnover was related to blood lead levels in a sample of perimenopausal 
Japanese women who were farmers. Although Machida et al. (2009) stated that 
information on the diet of the participants was collected; no information was given 
regarding the diet of the women. A review of data from the NHANES datasets of 1999-
2010 also revealed the additional information that women aged 45-55 years had a higher 
risk to exposure to endogenous lead depending on whether they had undergone natural 
menopause (Mendola et al., 2012).  
 In 2008, Khalil et al. opined that individuals who are currently seniors have had 
higher exposures to lead than younger individuals. Khalil et al. (2008) elaborated that the 
higher levels of lead to which seniors have been exposed has resulted in a higher body 
burden of lead than younger individuals will ever experience. The researchers also stated 
that additional future studies on younger individuals may be necessary in order to 
understand whether the leaching of lead from the bones is an occurrence that should be 
expected with aging. The researchers further opined the possibility exists that hormone 
replacement therapy (HRT) may be a way to stop the post-menopausal leaching of lead 
(Khalil et al., 2008). 
Mechanism for Perimenopausal Mobilization of Lead 
 No new theory has been advanced for the mechanism of the mobilization of 
endogenous lead. A significant increase in the blood lead levels was found to be linked to 
the bone resorption and bone formation activities in pre- and postmenopausal females 
who participated in the NHANES surveys (Jackson et al., 2010). However, the study by 
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Jackson et al. (2010), was built on previous work by Rabinowitz et al. (1976) who 
reported that lead may be sequestered in bones for decades, Harmon and Talbert (1985) 
who stated women lose bone density during the perimenopausal years of life, and 
Silbergeld et al. (1988) who further stated that endogenous lead is released when bone is 
resorbed.  
 Recently, Nemet et al. (2013) demonstrated an association between bone 
resorption and cataractogenesis in a retrospective observational case-control study of 
12,984 cases and 25,968 controls matched by gender. In my opinion, this study is 
significant because osteoporosis mobilizes lead from bone (Silbergeld et al., 1988) and 
lead has been found to be associated with cataracts (Schaumberg et al., 2004). However, 
the investigators of the study did not link lead as an intermediary component between the 
evidence of osteoporosis and cataracts. Instead, since calcium imbalance is linked to bone 
demineralization, Nemet et al. (2013) opined imbalance in calcium which occurs during 
osteoporosis was linked to the incidence of cataracts in this study. The strength of this 
community study was the large number of cases and controls that were studied. The 
limitation was the assumption that individuals who were not chosen to undergo surgery 
did not have cataracts (Nemet et al., 2013) and it has been previously demonstrated that 
various factors influence the decision to have cataract surgery. These factors include but 
are not limited to the type of cataract, the cataract patient’s ability to perform routine 
tasks, and socioeconomic factors (American Optometric Association, 2004; Belpoliti et 
al., 1995; McCarty et al., 2000; West et al., 1998). 
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 Previously, in a separate study, Miglior et al. (1984) had reported that there is an 
inverse relationship between calcium in the diet and the cataracts. Calcium and lead are 
competitors in the body (Bruening et al., 1999). Therefore the results of the studies of 
Nemet et al. (2013) and Miglior et al. (1984) lend credence to the hypothesis of this 
research that endogenous lead may be responsible for the earlier risk for cataracts 
observed in women. 
Possible Causes for Earlier Cataractogenesis in Postmenopausal Women 
 A meta-review of four cohort and five case-control or cross-sectional studies 
indicated an overall decreased risk for cataracts in women on hormone replacement 
therapy (HRT) (Lai et al., 2013). Significant inverse associations were noted for both 
previous use and current use of HRT and nuclear cataracts. No significant associations 
were noted for HRT and cortical or postsubcapsular cataracts (Lai et al., 2013). These 
findings contradicted earlier published reports of the Blue Mountain Eye Study which 
indicated there was no significant association between HRT and the incidence of 
cataracts after the data was adjusted for age, smoking, hypertension, use of steroids, and 
socioeconomic status (Kanthan et al., 2010). However, there was a slight protective effect 
stemming from prior contraceptive use against the incidence of cortical cataracts. No 
other female reproductive factors such as age at menarche were either protective or 
contributed to the risk for cataracts in this population (Kanthan et al., 2010).  
 Ozcura et al. (2010) examined the effect of estrogen replacement therapy on the 
apoptosis of lens epithelial cells in rats. The results of the experimental investigation on 
apoptosis revealed that estrogen does not directly protect the lenses of the eyes (Ozcura et 
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al., 2010). The contradictory results of studies on estrogen and cataracts suggest the 
presence of a significant confounding factor associated with estrogen levels that needs to 
be elucidated. The construct for this research was that the confounding factor that needs 
to be revealed is lead that has been mobilized from demineralized bone after levels of 
estrogen have diminished. 
Non-Reproductive Factors Associated with Cataractogenesis 
 Results of other recent studies revealed possible new confounders for a study on 
cataracts or validated the results of previous studies. In 2008, Christen et al. (2008) 
examined the data on vitamins C and E, risk for cataract, and dietary carotenoids in 
women in a prospective study. The researchers subsequently reported that 2031 cases of 
cataract were identified during a 10-year follow-up. The investigators also reported that 
higher consumption of utein/zeaxanthin and vitamin E from food and food supplements 
were linked with significantly decreased risks for cataract (Li et al., 2008). 
 Li et al. (2009) investigated whether antioxidant status and oxidative stress in 
older adults correlated with early cataracts. The researchers found no significant 
difference in the antioxidant status between the individuals with early cataract and those 
without. However, the level of oxidative stress was indicative of risk for cataract; the 
levels of isomers of 9- and 13-(Z,E)-HODE were significantly higher in the older adults 
who had cataracts than those who did not. The researchers also found that subsequent 
high performance liquid chromatography for antioxidants in the blood of 40 men and 
postmenopausal women (aged 50 to 70 years) revealed no significant difference in 
antioxidant status between the groups with and without early cataract (Li et al., 2009). 
46 
 
 
However, the level of oxidative stress was indicative of risk for cataract since isomers of 
9- and 13-(Z,E)-HODE levels were significantly higher in the older adults who had 
cataracts than those who had no cataracts (Li, 2009). 
 Ciraj-Bjelac et al. (2010) performed a case control study of physicians and 
nurses who worked in interventional cardiology to determine the risk for radiation-
induced cataract. The investigators found that 52% of the cardiologists and 45% of the 
nurses examined developed posterior lens opacities (Ciraj-Bjelac et al., 2010). The data 
were significant when cases were compared with the controls since only 9% of the 
controls developed posterior lens opacities (Ciraj-Bjelac et al., 2010). 
 Brown University published a psychopharmacology update in 2010 which 
showed cataracts were associated with recent use of selective serotonin reuptake 
inhibitors (SSRIs). SSRIs, female gender, anti-diabetic drugs or corticosteroids, and 
history of hypertension were associated with an increase in the incidence of cataracts 
(SSRI, 2010).  Researchers of a population-based retrospective cohort study 
demonstrated that persistent statin use was significantly related to a reduced risk for 
cataracts for men and women aged 45 to 74 years; no reduced risk for cataracts was 
observed in older participants (Chodick et al., 2010).  
 Subsequently, examination of the results of a clinical study that incorporated the 
use of the Lens Opacities Classification System (LOCS) II revealed that the prevalence of 
cortical and postsubcapsular opacities were strongly associated with type 2 diabetes 
(Olafsdottir et al., 2012). Analysis of results of a literature review also published in 2012 
indicated that vision loss and visual impairment correlated with age in a sample 
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population that was not representative of the United States (Zambelli-Weiner et al., 
2012). However, it was also evident that there were racial and gender variations in acuity 
of vision (Zambelli-Weiner et al., 2012). 
 Analysis of the studies indicated that good health, intake of a nutritional diet, 
and reduced oxidative stress were indicators of reduced risk for cataracts. Researchers 
who studied healthcare workers in the interventional radiology environment found that 
although evidence exists that exposure to radiation can lead to increased risk for 
cataracts; not enough is being done to mitigate those risks. 
Lead as a Possible Cause for Earlier Cataractogenesis in Postmenopausal Women 
 Prior to this research study, two studies were performed regarding lead as a 
possible cause for age-related cataracts in the elderly: Schaumberg et al. (2004) found a 
positive association between lead in the long bones of men aged 60 and older and the 
occurrence of cataracts and Park et al. (unpublished) studied women in the Boston area. 
The researchers of the recent study of 502 women in the Boston area could not 
demonstrate an association between tibia and patella lead and the occurrence of cataracts 
in the sample of women (Park et al., unpublished). The women in the study were aged 55 
to 74 years. The authors of the unpublished conference paper concluded the hypothesis 
that cumulative lead exposure increases the risk for cataracts in women was not 
supported by the results of the study. However, the researchers also indicated that 
additional research on larger populations should not be ruled out (Park et al., 
unpublished).  
48 
 
 
Lead and other Vision-Related Problems 
 A prospective study was conducted on 98 male and female patients in Japan 
who were diagnosed with primary open-angle glaucoma and 245 controls (Yuki et al., 
2009). Lead was analyzed in the hair of the participants by Inductively Coupled Plasma 
Mass Spectrometry (ICP-MS). Analysis of the results revealed a significant association 
between the lead levels in the hair of the women with primary open-angle glaucoma, 
especially in those women with low tension glaucoma (Yuki et al., 2009). In my view the 
results of the study by Yuki et al. (2009) further indicate that the earlier risk for vision-
related problems seen in the female gender worldwide  (WHO, 2013) may be linked to 
the release of endogenous lead during periods of bone demineralization. 
 There was no worldwide study on the possible cause of the earlier risk for 
vision-related problems seen in women; Congdon et al. (2004) performed a meta-review 
in order to determine that women around the world undergo cataractogenesis earlier than 
men. The largest U.S. health database believed to contain information on perimenopausal 
endogenous lead exposure and vision-related problems is the database of the National 
Health and Nutrition Examination Surveys (NHANES). The surveys are conducted by the 
Centers for Disease Control and Prevention. Data from the NHANES database were 
utilized in order to determine if there was any relationship between mobilized lead and 
vision-related problems in a large sample of women. 
The National Health and Nutrition Examination Survey (NHANES) 
 NHANES is a continuous survey of a nationally representative sample of the 
United States non-institutionalized population (Johnson et al., 2013). Questionnaires are 
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administered to participants in their homes. After the questionnaires have been 
completed, the participants are examined in standard physical examinations, and blood 
and urine specimens are collected for laboratory analysis. Sampling is not random. The 
sampling design is complex and excludes military personnel on active duty or individuals 
who are under supervised care or living outside the United States (Johnson et al., 2013).  
Laboratory Information from NHANES Survey 
 Lead. Lead is mobilized during periods of increased bone turnover, for example 
during pregnancy and during the perimenopausal or postmenopausal years (Silbergeld et 
al., 1988). Lead exhibits acute and chronic toxic effects and is reasonably considered to 
be a carcinogen (Agency for Toxic Substances and Disease Registry [ATSDR], 2011). 
Using the NHANES database, researchers have been able to show links between low 
blood levels of lead and cognitive and other deleterious effects (CDC, 2014a). Based on 
the results of research, the CDC has updated its recommendation for the upper reference 
level for blood lead levels in children to be 5µg/dL. The current geometric mean of blood 
lead levels in the U.S. population is less than two µg/dL (CDC, 2014a).  
 Bone Turnover Marker. Examination of clinical data revealed that bone 
turnover markers (BTMs) may be used to supplement bone density measurements for 
osteoporosis or conditions of osteopenia (Henriksen et al., 2011). One advantage of using 
BTMs over for bone density measurements for osteoporosis measurements in population 
studies is that BTMs have a high signal to noise ratio. The high sensitivity of the markers 
facilitates decreased time for clinical research time and smaller sample size. However, 
due to individual variability, BTMs are not very useful for determining an individual’s 
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risk for osteoporosis if the BTMs are not combined with imaging studies (Henriksen et 
al., 2011). 
 Serum bone-specific alkaline phosphatase (BAP) is a bone turnover marker 
(BTM) that was significantly and positively associated with blood lead levels in pre- and 
postmenopausal women of the NHANES 1999 – 2002 Survey (Jackson et al., 2010). The 
segmentation of perimenopausal women in the study of the participants of the NHANES 
survey was considered by the researchers to be too small to be significant. The previous 
year, the published results of a clinical study of Japanese women farmers revealed that 
blood lead levels were significantly correlated with increased levels of BAP markers in 
perimenopausal women (Machida et al., 2009). However, bone turnover markers were 
not as significantly correlated with lead in women who were pre-or post-menopausal 
(Machida et al., 2009). The apparent difference between the two studies may have been 
due to the fact that segmentation by menopausal status did not occur in the same 
proportions for both studies.  
 The results of the study of the Japanese women farmers with more segmentation 
by menopausal status seem to correlate with the theory that women are most susceptible 
to bone demineralization during the perimenopausal years (Salamone et al., 1998): The 
high levels of blood lead and bone turnover markers (BTM) in the perimenopausal 
Japanese women in the study of Machida et al. (2009) correlated with the increased rate 
of bone resorption in perimenopausal women reported by Salamone et al. (1998). The 
results of the studies indicate that BTMs are a good supplement to bone density 
measurements for osteopenia and BTMs are also good indicators of bone lead 
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mobilization during the perimenopausal, years. Therefore, this secondary data analysis 
included alkaline phosphatase levels as the BTM.   
 There was a clear indication for the use of BTMs in this study. However, the 
criteria for menopausal status that were used in the studies were not as clear. For 
example, contrary to the studies of Machida et al. (2009) and Salamone et al. (1998), 
Ruegsegger et al., (1984) found that bone loss was most rapid in the first two to four 
years after the menses cease. The Japanese women (in the study by Machida et al, 2009) 
were considered to be perimenopausal if they were aged 49 to 55 years. In the study by 
Salamone et al. (1998), women were classified as perimenopausal if they reported no 
menses within the three months prior to their examination. Based on the two varied 
criteria for perimenopausal status – the average age of U.S. women at menopause and the 
results of the study that showed that significant demineralization can also occur in the 
early postmenopausal period – participants of this study were selected from the 40 to 55 
years age range. 
 Alkaline Phosphatase (ALP). Alkaline phosphatase can be found in the 
majority of tissues of the body and ALP has various chemical structures which may be 
specific to the source of the enzyme. ALP is found in liver, bone, placenta, kidneys and 
intestine but the major sources are liver and bone (Panteghini & Bais, 2014). It is likely 
that ALP is associated with the calcification of bone as well as lipid absorption in the 
intestine.  Liver ALP is the major structural form found in blood.  However, bone ALP 
may have up to half the total activity of all the ALP in the blood.  ALP activity is also age 
and gender-dependent (Panteghini & Bais, 2014). Females aged 20 to 50 years of age 
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have an ALP reference interval of 42 to 98 U/L. Females older than 60 years have a 
reference interval of 53 to 141 U/L but ALP levels may vary with fasting status. Serum 
ALP levels are useful in the treatment of hepatobiliary disease and bone disease 
(Panteghini & Bais, 2014). Since ALP levels are also associated with hepatobiliary 
obstruction (Panteghini & Bais, 2014), participants with elevated ALP levels as well as 
elevated total bilirubin levels were not counted as positive in an intermediary variable for 
elevated enzymes. This technique was used to increase the likelihood the elevated ALP 
values used in the study were associated with increased osteoclastic activity.  
NHANES Clinical Information 
 Bone Density Measurements. More than 50 percent of fractures occur in    
individuals with low bone mass (National Osteoporosis Foundation [NOF], 2013). The 
NHANES datasets of 2005 to 2008 contain data on fractures and bone density that were 
utilized in this study on bone demineralization and its association with lead and cataracts 
in perimenopausal women. Mean values and standard deviations of bone density 
measurements were used to assess the participants’ level of osteopenia.   
 The World Health Organization developed a Fracture Risk Assessment Tool 
(FRAX) to assist physicians to determine their patients’ risk for fracture (World Health 
Organization Collaborating Centre for Metabolic Bone Diseases, University of Sheffield, 
UK, n.d.). Criteria from the FRAX tool were used to assess whether participants have 
osteopenia or have a high risk for osteoporosis. The criteria included the consideration of 
whether a parent of the participant had ever broken a hip. 
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 Vision Examination. The 2005- 2008 NHANES vision examination datasets 
included data on impairment of visual awareness, lens refractive error, as well as the 
diminished ability to function due to visual impairment (CDC, 2014a). Participants who 
were blind or had eye infections at the time of the survey were excluded. The assessment 
of visual acuity was determined by examination with a Nidek Auto Refractor Model 
ARK-760 instrument and the evaluation of the prescription for any eyeglasses worn by 
the participants (CDC, 2014a). 
 Questionnaires. Participants of the 2005-2008 NHANES surveys responded to 
questions using a Computer-Assisted Personal Interviewing-CAPI (interviewer-
administered) system (CDC, 2014a). The questions were answered prior to the physical 
examination and laboratory analysis sections of the surveys. The questionnaire included 
questions on difficulty in performing various tasks due to low vision, cataract operations, 
and general condition of eyesight. Vision-related questions for participants aged 40 years 
and older included questions on age-related macular degeneration, glaucoma, and other 
eye diseases (CDC, 2014a). Participants were sampled in a manner to ensure the survey 
was representative of the U.S. civilian population that was not institutionalized. Not all 
participants were required to fast prior to the blood collection for laboratory examination. 
 Answers to non-vision related questions in the questionnaire provided data on 
known confounders for cataracts as well as risk factors for osteoporosis. For examples, 
survey respondents were asked to provide information on medications they were taking 
and whether a parent had ever fractured a hip. Other pertinent data included in the 
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questionnaire were smoking status, age at last menstrual period, ever had a hysterectomy, 
age when both ovaries were removed, and number of live births. 
Summary and Conclusion 
 Researchers have shown that the mobilization of endogenous lead has many 
deleterious effects on the body. Some of the effects include hypertension, cardiac 
diseases, loss of mental acuity, and age-related cataracts in men (Hu et al., 1996, Jain et 
al., 2007; Schaumberg et al., 2004). Causes of cataracts include diabetes, use of steroids, 
occupations that involve radiation, smoking, and exposure to ultraviolet radiation. The 
results of newer studies on eye diseases indicate that the female gender has a 
disproportionate risk for cataracts (World Health Organization, 2013). A possible reason 
for the phenomenon has not been highlighted. However, it is expected that the Medicare 
dollars spent annually on cataract surgeries will continue to increase substantially as the 
population ages and women continue to have longer lifetimes than men.  
 A review of the literature uncovered one study that was performed to determine 
whether there is any association between lead and cataractogenesis in women (Park et al., 
unpublished). The participants of the study were all postmenopausal women and an 
association between lead and cataracts was not demonstrated in this study. However, the 
researchers did not rule out the possibility that the same research carried out on a larger 
sample of women could produce a different result. The study of the postmenopausal 
Boston area women by Park et al. (unpublished) appears to be the only study performed 
to date to determine whether there is any association between endogenous lead and 
cataracts in women. However, the perimenopausal age appears to be a period during 
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which women are most at risk for damage from mobilized endogenous lead based on the 
study of Machida et al. (2009).  
 Significant bone loss occurs during the first two to four years after the last 
menstrual period (Ruegsegger et al., 1984). Since American women have an average age 
of 51.2 years at menopause, the women in the study conducted by Park et al. 
(unpublished) were older than the age at which most lead would be mobilized during 
bone demineralization. Therefore, it is possible that for the women in the study by Park et 
al. (unpublished), lead had already leached from their bones and caused damage to their 
lens of their eyes before the lead was excreted from their bodies. Based on the hypothesis 
for this study, Park et al.’s study was conducted on a group of women who were not in 
the age range that would yield adequate data for a study on association. This study was 
carried out on the data of women who were in the age range when mobilization of lead 
and early cataractogenesis and other vision-related problems could occur. 
 Women are living longer but have special health needs which include the 
management of the incidence of cataracts and other age-related diseases (Laskar, 2011). 
The purpose of this study was to close the gap on important eye health issues for women. 
A study performed to address the phenomenon of early cataracts and other vision-related 
problems in women should include the perimenopausal period – a period that is unique to 
women and marked by rapid bone turnover and the mobilization of endogenous lead. An 
effort was made to close this gap by mining the NHANES surveys for the relevant data 
that has been collected on women who fit the criteria needed to conduct this research. 
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Chapter 3: Research Method 
Introduction 
 The purpose of this study was to determine if there was a significant association 
between cataracts and endogenous lead as in perimenopausal women. The design of the 
study was similar to the study performed by Schaumberg et al. (2004) who reported a 
significant association between endogenous lead and cataract in elderly men. Yuki et al., 
(2009) reported an association between endogenous lead and glaucoma, but the 
researchers did not specifically link this phenomenon to the female gender. The 
hypothesis for this research was that there is a relationship between vision problems and 
mobilization of lead in perimenopausal women who participated in the National Health 
and Nutrition Examination Surveys (NHANES) during the years 2005 to 2008. The 
datasets and codebooks were obtained from the NHANES website for surveys 2005 - 
2006 and 2007 - 2008.  This study employed a case control design, as suggested by 
Sullivan (2011).  
 In an effort to help close the gap in the literature, I analyzed variable data from 
the NHANES datasets including answers to questions on general vision, glaucoma, and 
cataract surgery. The clinical examination results from bone density scans, laboratory 
results of blood lead levels and levels of alkaline phosphatase, and bone turnover 
biomarkers, from these datasets were deemed for this study. Known confounders such as 
occupation, number of pregnancies, and number of live births could not be addressed 
because of a paucity of data. Since evidence of vision deterioration and evidence of bone 
loss were required, the variables that contributed to these two categories were combined 
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into new variables more suitable for this case control study. I tabulated the original and 
new variables for easy review. 
 The research questions that are pertinent for a study on the association between 
lead and cataractogenesis in perimenopausal women are listed in the methodology 
section, along with the analytical computations chosen to address the research questions. 
Based on the comparative nature of this research, Chi-square analysis was included in the 
methodology. The methodology section of this chapter contains the outlines of steps that 
were followed to prepare a working dataset from the combined 2005 – 2006 and 2007 – 
2008 NHANES datasets. General descriptive information about the target population – 
perimenopausal women – are delineated and the results of the a priori analysis for 
minimum sample size using G*Power software – 143 cases and 143 controls – are 
displayed for review. 
Research Design and Rationale 
 The primary research question was, “Is evidence of cataractogenesis in 
perimenopausal women with evidence of bone lead mobilization (elevated blood lead 
levels and evidence of bone demineralization) significantly different from the incidence 
of cataracts or general vision-related problems in perimenopausal women with no 
evidence of bone lead mobilization?” The hypothesis of this research was that evidence 
of vision-related issues in perimenopausal women with evidence of bone lead 
mobilization is significantly different from vision-related problems in women with no 
evidence of bone lead mobilization. In order to determine significant difference, a case 
control study was necessary. The women who showed signs of mobilized lead were the 
58 
 
 
cases, and women who did not, were the controls. The list of variables that were selected 
from the National Health and Nutrition Examination Surveys (NHANES) is presented in 
Table 2 in the data collection section in this chapter. Independent variables included all 
variables on vision. Lead, the dependent variable, was synthesized from blood lead levels 
and bone mobilization markers. Known causative factors of cataractogenesis such as age, 
smoking, and corticosteroid use, comprised the covariables.  
 There were no time constraints with this choice of design since all the data were 
already available online. Unlike a prospective study that may require years for the data to 
become available, a case control study is performed at one instance in time. The data 
used in this study were readily available to the general public; as a result, no permission 
was necessary to use the data.  
A case control design was suitable for this dissertation study because the same 
design was used for the landmark study performed by Schaumberg et al. (2004) and one 
of the goals of this dissertation was to extend Schaumberg et al.’s inquiry to women. In 
that case control study, analysis of the results revealed a significant difference between 
the incidences of cataracts in men who had elevated lead levels in bones and men who 
did not have elevated lead levels. Another reason for choosing this design is that case 
control studies are considered to be cost-effective epidemiological studies (D’Agata, 
2005). Other advantages to using a case control design are exposure to the variable of 
interest may be more than once and there is no need to expend resources to follow-up 
cases.  
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There are several limitations of case control studies. These include recall or 
observer bias and inaccurate inference if the disease of interest is rare (D’Agata, 2005). 
However, observer bias was minimized in the NHANES survey from which the study 
data were obtained, since the respondents were allowed to enter some of their responses 
into a computerized program (Centers for Disease Control and Prevention, 2014a). 
Computerized entry of participant responses is one way to eliminate bias in data 
collection (Mitchell & Jolley, 2013). Inaccurate interpretation due to the rarity of the 
disease is not applicable in this case since cataracts and other vision related issues are not 
rare occurrences in the general population. 
Methodology 
Population 
 The study population comprised women, aged 40 to 55 years, who participated 
in the 2005-2006 and 2007-2008 National Health and Nutrition Examination Surveys. 
This subset was chosen from the survey respondents from those years because, based on 
published reports, women may undergo menopausal and perimenopausal symptoms 
including bone loss during this age range (Armamento-Villareal et al., 1992; Bromberger 
et al., 1997; Do et al., 1998; Frommer, 1964; Harmon & Talbert, 1985; Reynolds & 
Obermeyer, 2005; Weyermann & Brenner, 1998). The 2005-2006 and 2007-2008 surveys 
were chosen because only these surveys contain data on ophthalmology, bone density, 
and answers to questions on vision, as well as data on a bone turnover marker (alkaline 
phosphatase), blood lead levels, osteoporosis, and smoking. This means that the results of 
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this dissertation study cannot be interpreted as representative of women before or after 
this time period. 
Sampling and Sampling Procedures 
The sampling strategy for the National Health and Examination Surveys 
(NHANES) was multi-staged (Centers for Disease Control and Prevention, 2014a). First, 
individual counties of the United States were chosen, and then specific sections within 
those counties were chosen. Next, individual households within the sections and 
individuals within the households were chosen in this multi-stage method. Efforts were 
made to choose individuals who are representative of the major demographic groups of 
the United States but some small groups may have been oversampled in an effort to 
reduce bias (Centers for Disease Control and Prevention, 2014a).For the purpose of this 
dissertation study, males and non-perimenopausal females were deselected from a total of 
20,497 participants of the 2005-2006 and 2007-2008 NHANES surveys leaving a total 
number of 1,416 participants for this research. Only the datasets that contained the 
variables listed in Tables 3 to 9 below were selected.  
 I used the SPSS software program to merge the datasets, sort the study 
population from the datasets, and analyze the variables. Based on a priori power analysis, 
5 degrees of freedom, an alpha of 0.05, and an effect size of 0.3, the smallest sample for a 
χ² analysis with 80 percent power is 143 cases and 143 controls.  Therefore, a sample size 
of 1,416 participants was adequate for this research study. The results of the a priori 
analysis with G*Power Software Version 3.1.6. (2013) for the minimum sample size for 
this study are shown below: 
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Table 2 
Input and Results for Computation of Sample Size  
Analysis Input Output 
A priori: Compute 
required sample size 
χ² test Goodness-of-
fit tests : Contingency 
tables 
Effect size ω = 0.3 
α err prob = 0.05 
Power (1-β err prob) = 0.95 
Degrees of Freedom = 5 
 
Noncentrality parameter 
λ=12.8700000 
Critical χ²=11.0704977  
Total sample size=143 
Actual power=0.8015133 
 
 
Data Collection 
 The sample of respondents for this study was culled from the National Health 
and Nutrition Examination Surveys (NHANES) 2005-2006 and 2007-2008 datasets 
(CDC, 2014).  These survey datasets were chosen because they are the only datasets that 
contain all the variables – ophthalmology, blood lead levels, osteoporosis, and vision – 
that are necessary for this study. The number of women aged 40 to 55 years of age who 
participated in the 2005-2006 and 2007-2008 NHANES surveys was 1,416. However, not 
all the women who participated in the original survey were also requested to participate 
in the clinical examination and laboratory sections of the surveys, resulting in incomplete 
data for some respondents.  Examination of the baseline data revealed that 1,316 women 
participated in the laboratory examination for alkaline phosphatase, 1,329 women 
participated in the analysis for blood lead level, 1,133 women were examined for bone 
mineral density, 1,200 women were given an ophthalmologic examination that did not 
include examination for cataracts, and all 1,416 of the selected women responded to 
questions regarding their vision.  
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NHANES data dictionary. The data dictionary for the variables are shown in 
Table 3 - 6. 
 
Table 3 
 
Data Dictionary for General Variables Used in Case Control Study 
 
CODE LABEL 
SEQN Respondent sequence number 
RIAGENDR Gender 
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Table 4 
 
Data Dictionary for Independent Variables Used in Case Control Study 
 
CODE LABEL 
DXXNKBMD Femoral neck BMD 
DXXOSBMD Total spine BMD 
LBXBPB Lead (ug/dL) 
LBXSAPSI Alkaline phosphatase (U/L) 
LBXSTB
  
Bilirubin, Total 
OSQ010A Broken or fractured a hip 
OSQ010B Broken or fractured a wrist 
OSQ010C Broken or fractured spine 
OSQ080 Doctor ever told any other fractures? 
OSQ090A Fracture result of severe trauma? 
OSQ100A Where fracture occurred 
OSD110A How old when fracture occurred? 
OSQ060 Ever told had osteoporosis/brittle bones 
OSQ070 Ever treated for osteoporosis 
RHQ060 Age at last menstrual period 
RHQ291 Age when had hysterectomy 
RHQ332 Age when both ovaries removed 
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Table 5 
 
Data Dictionary for Covariates Used in Case Control Study 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
CODE LABEL 
DIQ010 Doctor told you have diabetes 
DIQ160 Ever told you have prediabetes 
DMDBORN Country of Birth - Recode 
INDHHINC Annual Household Income 
LBXBCD Cadmium (ug/L) 
MCQ010 Ever been told you have asthma 
RHQ210 Breastfed any of your children? 
RIDAGEYR Age at Screening Adjudicated - Recode 
RIDRETH1 Race/Ethnicity - Recode 
RXDDRUG Generic drug 
SMQ020 Smoked at least 100 cigarettes in life 
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Table 6 
 
Data Dictionary for Dependent Variables Used in Case Control Study 
 
CODE LABEL 
MCQ140 Trouble seeing even with glass/contacts 
OPDUARMA Any retinopathy, worse eye 
OPDUME Macular edema, worse eye 
OPDUMACH Macular hole, worse eye 
VIQ010 Can see light 
VIQ017 Blind in both eyes 
VIQ031 General condition of eyesight 
VIQ041 Time worrying about eyesight 
VIQ051A Difficulty reading ordinary newsprint 
VIQ051B Difficulty with up close work or chores 
VIQ051C Difficulty seeing steps/curbs-dim light 
VIQ051D Difficulty noticing objects to side 
VIQ051E Difficulty finding object on crowded shelf 
VIQ056 Difficulty driving daytime-familiar place 
VIQ061 Vision limits how long can do activities 
VIQ071 Ever had a cataract operation 
VIQ090 Ever told had glaucoma 
VIQ310 Told had macular degeneration 
VIQ170 Glasses or contacts worn for near test? 
VIQ200 Eye surgery for cataracts? 
VIQ211 Which eye(s) cataract surgery? 
VIQ220 Glasses/contact lenses worn for distance 
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Variables. Vision variables from non-ophthalmologic examinations were 
combined into one composite variable, Vision status, which represented all vision issues 
that were not cataract surgery-related. Similarly, all variables related to loss in bone 
density were combined into one variable, Evidence of osteoporosis.  Combining the 
variables in this manner facilitated the analysis of data to answer the main research 
question. Tables 7 and 8 illustrate how the variables were combined. 
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Table 7 
 
Main Type of Variables and Levels of Measurement 
 
Variable Codes of Source Variables Type of 
Variable 
Level of 
Measureme
nt 
Code for New 
Variable 
Cataracts VIQ071; VIQ200; VIQ211  Dependent Nominal CATARACTS 
Vision  MCQ140; OPDUARMA  
OPDUME; OPDUMACH; 
VIQ010  VIQ017; VIQ031  
VIQ041; VIQ051A  
VIQ051B; VIQ051C  
VIQ051D; VIQ051E  
VIQ056; VIQ061  VIQ090; 
VIQ310  VIQ170; VIQ220 
Dependent Nominal VISION 
Alkaline 
Phosphatase 
LBXSAPSI Independent Scale ALKPHOS 
Bilirubin, Total LBXSTB Independent Scale BILI 
Lead in Blood LBXBPB Independent Scale LEAD 
Evidence of 
Osteoporosis 
DXXNKBMD; 
DXXOSBMD; OSQ010A;  
OSQ010B;  OSQ090A; 
OSQ010C;  OSQ080;  
OSQ100A; OSD110A;  
OSQ060;  OSQ070 
Independent Scale OSTEO 
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Table 8 
 
Confounding Variables and Levels of Measurement 
 
Variable Codes of Source Variables 
Type of 
Variable 
Level of 
Measurement 
Code for New 
Variable 
Diagnosis of 
Diabetes  
DIQ010; DIQ160 Independent Scale PRE-
/DIABETES 
Nursed 
Children 
RHQ210 Independent Nominal  BREASTFED 
Asthma MCQ010 Independent Nominal  ASTHMA 
Smoking 
Status 
SMQ020 Independent Nominal  SMOKER 
Generic Drug RXDDRUG Independent Nominal DRUG 
Cadmium LBXBCD Independent Scale CADMIUM 
Age RIDAGEYR Independent Scale AGE 
Place of Birth DMDBORN Independent Nominal BIRTH 
 
 I merged datasets (from 2005-2006 and 2007 -2008) which contained the 
necessary source variables. The variables that were not needed were deleted from the 
merged datasets. All the remaining variables were then merged into one large dataset. 
Participants who are female and were aged 40 to 55 years were selected from the merged 
dataset; the remaining participants were deleted. Variables that relate to vision and 
osteoporosis were then combined into the composite variables VISION and OSTEO, 
respectively (see Table 3). Other composite variables were DIABETES (see Table 4) and 
intermediate variables for elevated enzymes and mobilized lead (not shown). The new 
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variables were created from source variables based on appropriate threshold values. The 
new variables were created to ensure easier computation. SPSS software version 21.0.0 
and EXCEL spreadsheets were used in the analysis. 
 For this research the variable RIDAGEYR, age at screening, was used to 
compile the research dataset. The U.S. Department of Health and Human Services (HHS) 
recommended analysts make decisions regarding whether to impute results for datasets 
missing more than 10 percent of the data for particular variables (Johnson et al., 2013). 
The decision was made to impute the datasets. In view of the fact that women’s greater 
risk for vision-related problems are worldwide (WHO, 2013); adjusted weights were not 
used in the secondary data analysis. HHS also cautioned analysts to be aware that two 
assumptions are being made when data from two consecutive surveys are combined. The 
assumptions are that the estimates in the two time periods are the same and with regard to 
the interpretation, the estimate is the average of the interpretation over the period of time. 
The datasets used in the analyses were adjacent to each other and in my opinion the time 
periods were small enough that differences between the two datasets would not have been 
significant. 
 Prior to the analysis of the data, SPSS was used to impute the missing data in 
responses to the questionnaires, namely for responses such as “don’t know” and 
“refused”. The reason the missing values were imputed is that if missing values are not 
addressed in statistical determinations, biases can result (Langkamp et al., 2010). Missing 
data were also imputed for data missing from direct examinations and laboratory tests. 
Thus a complete dataset based on imputation was used for the analysis. Variables that 
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were included in the merged datasets to ensure more accurate imputations of the data are 
shown in Table 9. 
 
Table 9 
 
Socioeconomic Variables Included to Ensure More Accurate Imputation 
 
Variable Type of Variable Level of  
Measurement 
Source 
RIDAGEYR Independent Scale Age-Recode 
RIDRETH1 Independent Nominal Race/Ethnicity - Recode 
DMDBORN Independent Nominal Country of Birth - Recode 
DMDYRSUS Independent Scale Length of Time in US 
INDHHINC Independent Scale Annual Household Income 
 
After the data were imputed, the variables were recoded to a binomial format. For 
example, borderline responses in the table below were recoded thus: 1 (Yes) and 2 (No) 
were not recoded, Borderline was recoded as 1 (Yes), and Refused, Don’t know and 
Missing were deleted and imputed using the demographic data. The table that explains 
the recoded and imputed data is shown below: 
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Table 10 
 
Questionnaire Values Recoded or Imputed 
 
Code or Value Value Description Recoded Value 
1 Yes Yes 
2 No No 
3 Borderline 1 
7/77 Refused Imputed 
9/99 Don't know Imputed 
. Missing Imputed 
 
Data Analysis Plan 
Research questions. This investigation focused on whether lead mobilized from 
bones is positively linked with vision problems in women of perimenopausal age. Cases 
of elevated alkaline phosphatase without concomitant increase in total bilirubin levels 
were recorded as cases with evidence of bone turnover. Cases with evidence of bone 
turnover with elevated lead levels were recorded as evidence of bone lead mobilization. 
Therefore, survey participants with elevated levels of lead and elevated levels of alkaline 
phosphatase without elevated levels of total bilirubin were classified as participants with 
evidence of bone lead mobilization. The research questions were:  
 RQ1: What is the relationship between the incidence of cataracts and elevated 
blood lead levels in perimenopausal women when there is evidence of bone turnover? 
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 RQ2: What is the relationship between elevated blood lead levels when there is 
evidence of bone turnover and general vision problems in perimenopausal women? 
 RQ3: Is evidence of cataractogenesis in perimenopausal women with evidence 
of bone lead mobilization (elevated blood lead levels and evidence of bone 
demineralization) significantly different from the incidence of cataracts or general vision-
related problems in perimenopausal women with no evidence of bone lead mobilization? 
 RQ4-: Is the evidence of cataractogenesis in perimenopausal women with 
evidence of bone lead mobilization significantly different from the evidence of cataracts 
or general vision-related problems in perimenopausal women with no evidence of bone 
lead mobilization when the data are controlled for age? 
 Research hypotheses. The null and alternative hypotheses for this study were as 
follows: 
H01:  There is no significant relationship between evidence of cataracts and 
elevated blood levels in perimenopausal women when there is evidence of 
bone turnover. 
H11: There is a significant relationship between the evidence of cataracts and 
elevated blood levels in perimenopausal women when there is evidence of 
bone turnover. 
H02: There is no significant relationship between elevated blood lead levels and 
general vision problems in perimenopausal women. 
H12: There is a significant relationship between elevated blood levels and 
general vision problems in perimenopausal women. 
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H03: Evidence of cataractogenesis or general vision-related problems in 
perimenopausal women with evidence of bone lead mobilization (elevated 
blood lead levels and evidence of bone demineralization) is not 
significantly different from the incidence of cataracts or general vision-
related problems in perimenopausal women with no evidence of bone lead 
mobilization 
H13:  Evidence of cataractogenesis or general vision-related problems in 
perimenopausal women with evidence of bone lead mobilization (elevated 
blood lead levels and evidence of bone demineralization) is significantly 
different from the evidence of cataracts or general vision-related problems 
in perimenopausal women with no evidence of bone lead mobilization 
H04: Evidence of cataractogenesis or general vision-related problems in 
perimenopausal women with evidence of bone lead mobilization is not 
different from the evidence of cataracts or general vision-related problems 
in perimenopausal women with no evidence of bone lead mobilization 
when the data are controlled for age.  
H14:  Evidence of cataractogenesis or general vision-related problems in 
perimenopausal women with evidence of bone lead mobilization is 
different from the evidence of cataracts or general vision-related problems 
in perimenopausal women with no evidence of bone lead mobilization 
when the data are controlled for age. 
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 Analytical computations. SPSS Software (Release 21.0.0.0) was used to 
perform the analysis. The computations for each research question were performed as 
follows: 
 RQ1:  What is the relationship between the evidence of cataracts and elevated 
blood lead levels in perimenopausal women when there is evidence of bone turnover? 
 Logistic regression with evidence of cataracts as the dependent variable. 
 RQ2:  What is the relationship between elevated blood lead levels and general 
vision problems in perimenopausal women? 
 Logistic regression with evidence of general vision problems as the dependent 
variable. 
 RQ3:  Is evidence of cataractogenesis or general vision-related problems in 
perimenopausal women with evidence of bone lead mobilization (elevated blood lead 
levels and evidence of bone demineralization) significantly different from the evidence of 
cataracts or general vision-related problems in perimenopausal women with no evidence 
of bone lead mobilization? 
 Chi-square analysis between the cases and the controls. The analysis was 
performed using the following equation: 
χ
2
=Σ(O−E)
2
 
        E 
Where χ2 equals= chi-square, O equals the observed value and E equals the expected 
value. 
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 RQ4: Is the evidence of cataractogenesis or general vision-related problems in 
perimenopausal women with evidence of bone lead mobilization significantly different 
from the evidence of cataracts or general vision-related problems in perimenopausal 
women with no evidence of bone lead mobilization when the data are controlled for age? 
 Stepwise logistic regression was performed to determine the contribution of 
possible confounding factors such as smoking status, age, use of steroids, menopause 
status, and ever nursed children.  Significance for the Chi-square and logistic regression 
analysis was determined by an alpha value of less than 0.05 (Wolverton, 2009). If the 
alpha value was less than 0.05, the null hypotheses were rejected. 
Threats to Validity 
Known external threats to the validity of this study included cadmium and 
exposure to environmental tobacco smoke. Known confounding variables included in the 
NHANES datasets were included in the logistic regression analysis. Stepwise regression 
analysis was performed in order to determine if lead (the independent variable of interest) 
was significantly associated with cataractogenesis in perimenopausal females once the 
known mediating variables were addressed. 
Possible internal threats to validity included the slow maturation of cataracts to a 
stage that was gradable and sufficiently mature to warrant surgery. Other internal threats 
were missing or incorrectly recorded data. Validity that is threatened by the slow 
maturation of cataracts was addressed by the use of data on responses about difficulty 
with vision. If the data had not been recorded correctly for some participants, the 
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probability that other variables for those participants would also be skewed in a manner 
to bias the data would also be very small. 
Ethical Procedures 
There were no issues of privacy or personal harm which needed to be addressed 
by informed consent:  Secondary datasets from the National Health and Nutrition 
Examination Surveys were used for this study and are publicly available on the Centers 
for Disease and Prevention’s website at http://www.cdc.gov/nchs/nhanes.htm. The 
datasets used for this study were previously de-identified, did not contain any personally 
identifiable information, and can be downloaded by any individual from the section 
entitled “Questionnaires, datasets, and related documentation”. The data were password- 
protected and they are being stored on an Iomega external hard drive which will be kept 
for a period of seven years. Results of the research will be published in the first peer-
reviewed journal that accepts a completed article version of the study. The research study 
was submitted to the Walden University Institutional Review Board (IRB) prior to data 
analysis. 
Summary 
 This chapter described the methodology that was prepared to answer four 
research questions about a possible association between mobilized lead in 
perimenopausal women and cataracts. The study had a case control study design. The 
cases were women who showed evidence of mobilized lead; the controls were women 
who did not. Data from the National Health and Nutritional Surveys of 2005 to 2006 and 
2007 to 2008 were mined for information on possible bone demineralization and release 
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of endogenous lead in perimenopausal women. Individuals with elevated levels of lead 
and evidence of bone demineralization (cases) were compared with individuals without 
both characteristics to determine if there is a difference in cataractogenesis or vision-
related problems. An overview of planned data analysis for this secondary dataset was 
provided. 
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Chapter 4: Results 
Introduction 
The results of the analyses showed that there is an association between mobilized 
lead and vision issues in perimenopausal women. The association was derived by Chi-
square analysis of cataract surgeries and logistic regression of vision issues with lead. 
The former method is similar to the method used by Schaumberg et al. in the 2004 case 
control study of elderly men and cataracts, which yielded a positive result for the 
association. The latter method mirrored the method used by Park et al. (2013) who 
reported no association between cataract surgeries and lead when confounders were 
included in the analysis. This dissertation study is the first known report of an association 
between endogenous lead and vision issues in perimenopausal women. 
The purpose of this research was to determine whether there is any association 
between the perimenopausal release of lead due to bone demineralization and the early 
incidence of cataracts and other vision-related issues in women.   
The research questions and hypotheses for this study were as follows: 
RQ1: What is the relationship between the incidence of cataracts and elevated blood 
lead levels in perimenopausal women when there is evidence of bone turnover? 
H10:  There is no significant relationship between the incidence of cataracts and 
elevated blood levels in perimenopausal women when there is evidence of bone 
turnover. 
H1A: There is a significant relationship between the incidence of cataracts and elevated 
blood levels in perimenopausal women when there is evidence of bone turnover. 
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RQ2: What is the relationship between elevated blood lead levels and general vision 
problems in perimenopausal women? 
H20: There is no significant relationship between elevated blood lead levels and 
general vision problems in perimenopausal women. 
H2A: There is a significant relationship between elevated blood levels and general 
vision problems in perimenopausal women. 
RQ3: Is evidence of cataractogenesis or general vision-related problems in 
perimenopausal women with evidence of bone lead mobilization (elevated blood 
lead levels and evidence of bone demineralization) significantly different from the 
incidence of cataracts or general vision-related problems in perimenopausal 
women with no evidence of bone lead mobilization? 
H30: Evidence of cataractogenesis or general vision-related problems in 
perimenopausal women with evidence of bone lead mobilization (elevated blood 
lead levels and evidence of bone demineralization) is not significantly different 
from the incidence of cataracts or general vision-related problems in 
perimenopausal women with no evidence of bone lead mobilization. 
H3A: Evidence of cataractogenesis or general vision-related problems in 
perimenopausal women with evidence of bone lead mobilization (elevated blood 
lead levels and evidence of bone demineralization) is significantly different from 
the incidence of cataracts or general vision-related problems in perimenopausal 
women with no evidence of bone lead mobilization. 
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RQ4: Is the evidence of cataractogenesis or general vision-related problems in 
perimenopausal women with evidence of bone lead mobilization significantly 
different from the evidence of cataracts or general vision-related problems in 
perimenopausal women with no evidence of bone lead mobilization when the data 
are controlled for age? 
H40: Evidence of cataractogenesis or general vision-related problems in 
perimenopausal women with evidence of bone lead mobilization is not 
significantly different from the evidence of cataracts or general vision-related 
problems in perimenopausal women with no evidence of bone lead mobilization 
when the data are controlled for age.  
H4A: Evidence of cataractogenesis or general vision-related problems in 
perimenopausal women with evidence of bone lead mobilization is significantly 
different from the evidence of cataracts or general vision-related problems in 
perimenopausal women with no evidence of bone lead mobilization when the data 
are controlled for age. 
 This chapter contains information about the characteristics of the participants of 
the sample, univariate statistics, histograms, and bar charts as appropriate. The results 
section contains the data that illustrates the association between mobilized lead and 
cataract surgeries, and elevated lead and vision issues. The results are displayed in tabular 
form with footnotes highlighting additional information. In the summary section, results 
are compared against each of the research questions in turn and an evaluation is made 
regarding whether the null hypothesis can be rejected.   
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Data Collection 
 I analyzed the responses and examination results of selected participants of the 
National Health and Nutrition Examination Surveys (NHANES) during the years 2005 - 
2006 and 2007-2008. I retrieved SAS datasets on demographics, clinical data, bone 
density measurements, and laboratory results from the NHANES website and imported 
the data using SPSS version 21.0. Using SPSS, I selected cases for all female participants 
aged 40 to 55 years and merged the datasets for the two survey periods. SPSS and Excel 
software were used to separate, combine, and compute variables as necessary to answer 
the research questions. A total of 1,416 cases were selected and analyzed for this 
research.  
 The original plan for this case control study included the imputation of missing 
data for responses to questionnaires. The plan did not include the imputation of 
laboratory data or any other direct measurements but I discovered that the datasets for 
bone density measurements did not have sufficient data to complete the study. However, 
the Centers for Disease Control and Prevention (CDC) had already determined that bone 
density data for the years 2005 to 2006 were inadequate and had released imputed 
datasets subsequent to the release of the original datasets (CDC, 2013c). Since it was 
necessary to impute direct bone density data, the plan for this study was changed to 
include the imputation of laboratory and other direct clinical measurements. Thus, all 
1,416 participants of the selected age group were included in every analysis. The 
laboratory data imputed were total bilirubin, alkaline phosphatase, blood lead levels, and 
cadmium levels. Missing responses to the vison, osteoporosis, general medical, diabetes, 
 and prescription medicine questionnaires were also imputed using 
data such as age, income l
results towards the null and at best is an approximation of the missing data points in the 
analysis. 
Descriptive Statistics  
The age distribution of the selected participants was not significantly different 
from U.S. population estimates for the same age group. 
comparing the age distribution of the participants selected for this study alongside the age 
distribution of women counted in the 2010 United States census
Comparative census data were retrieved from census.gov (United States Census Bureau, 
2014).  
 
 
Figure 6. Bar chart of Percentages of age of 
National Health and Nutrition Examination Surveys and women in the US 2010 census.
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Demographic Data 
Analysis of the baseline data shows that the mean age of 
to 55 years age group was 47.16. The standard deviation was 4.555 and the total number 
of participants in the sample 
categories to facilitate logistic regression analys
determine if there was any significant association between mobilized lead and vision 
issues in perimenopausal women when age was included as a confounder. A bar chart of 
the categorized age distribution is shown in
 
 
Figure 7. Barcharts of Participants Categorized Into 3 
 
 
Cooking with biomass fuels
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1999). Mexican-Americans have a high risk for cataracts (Broman et al., 2005). Based on 
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confounding factor for cataracts and general vision problems. Descriptive analysis of the 
data revealed that approximately three-quarters of the women in the age group 40 to 55 
years were born in the United States, 11.2 percent were born in Mexico, and the 
remainder was born elsewhere. Table 11 shows the classification of places of birth 
recorded in the National Health and Nutrition Examination Surveys (NHANES). Table 
12 shows how the participants were reclassified (born in the U.S.A. or Born elsewhere) in 
order to answer the research questions. 
Table 11 
 
Place of Birth of Perimenopausal Women in the 2005-2008 NHANES Surveys 
 Country of Birth Frequency Percent 
 
Born in 50 US States or Washington, DC 1066 75.3 
Born in Mexico 159 11.2 
Born Elsewhere 60 4.2 
Born in Other Spanish Speaking Country 78 5.5 
Born in Other Non-Spanish Speaking Country 53 3.7 
Total 1416 100.0 
 
 
Table 12 
 
Place of Birth of Perimenopausal Women Recoded  
      Location of Birth Frequency Percent 
 
Born in the USA 1066  75.3 
Born Elsewhere 350 24.7 
Total 1416 100.0 
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 Ethnicity was examined in this study because of previous reports suggesting 
significant differences related to ethnic background: Non-Hispanic Whites are more 
likely to have cataract surgeries than African Americans (West et al., 1998); African 
American women under the age of 70 years have a higher prevalence of cataracts than 
their non-Hispanic White counterparts (Congdon et al., 2004). Income levels have been 
negatively associated with high blood lead levels and vision issues (Klein and Klein, 
2013; Lee et al., 2005; Zambelli-Weiner et al., 2012). Therefore, income levels were also 
included in this study. Tables of race/ethnicity and income levels (Tables 13 to 16) are 
displayed below as well as the corresponding reclassified groups computed for ease of 
analysis. 
 
Table 13 
 
Race/Ethnicity Breakdowns in the Original Data 
       Race or Ethnicity Frequency Percent 
 
Mexican American 259 18.3 
Other Hispanic 112 7.9 
Non-Hispanic White 641 45.3 
Non-Hispanic Black 339 23.9 
Other Race - Including Multi-Racial 65 4.6 
Total 1416 100.0 
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Table 14 
 
Reclassified Race/Ethnicity Breakdowns 
[  Recoded Race or Ethnicity] Frequency Percent 
 
Non-Hispanic White 641 45.3 
Hispanic/Mexican Hispanic 371 26.2 
Non-Hispanic Black 339 23.9 
Other Race 65 4.6 
Total 1416 100.0 
 
Table 15 
  
Annual Household Incomes Breakdowns in the Original Data  
     Income Levels Frequency Percent 
 
$ 0 to $ 4,999 27 1.9 
$ 5,000 to $ 9,999 54 3.8 
$10,000 to $14,999 91 6.4 
$15,000 to $19,999 80 5.6 
$20,000 to $24,999 109 7.7 
$25,000 to $34,999 151 10.7 
$35,000 to $44,999 113 8.0 
$45,000 to $54,999 108 7.6 
$55,000 to $64,999 89 6.3 
$65,000 to $74,999 98 6.9 
$75,000 and Over 201 14.2 
Over $20,000 33 2.3 
Under $20,000 4 0.3 
$75,000 to $99,999 91 6.4 
$100,000 and Over 124 8.8 
Refused 12 0.8 
Don't know 15 1.1 
 Missing 16 1.1 
   Total 1416 100.0 
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Table 16 
 
Reclassified Annual Household Incomes for the Study Population 
    Reclassified Income Levels Frequency Percent 
 
Less than $20,000 250 17.7 
$20,000 - $74,999 707 49.9 
$75,000 and over 416 29.4 
 Missing 43 3.0 
   Total 1416 100.0 
 
Responses to Questionnaires 
 Diabetes, asthma, selective serotonin resorption inhibitors (SSRIs), 
glucocorticosteroids, cigarette smoking, and breast-feeding were included as covariates in 
the regression analyses. The baseline data were retrieved from the medical, prescription 
medication, smoking, and reproductive questionnaires of National Health and Nutrition 
Examination Surveys. Descriptive statistics on diabetes, asthma, smoking, and the use of 
glucocorticoids and selective serotonin reuptake inhibitors are included in this report to 
provide information on the proportion of these confounders relative to the total sample. 
The majority of the participants were not diabetic or prediabetic, nor were they asthmatic. 
Of the women who responded for each of the respective questions, more than half had 
breastfed their children, 45 percent had smoked at least 100 cigarettes, and 18 percent had 
taken a selective serotonin reuptake inhibitor or glucocorticoid. The descriptive statistics 
on the covariates are shown in Figure 8 and 9 and in Tables 17 to 19. 
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Figure 8. Barchart of Diabetes and Prediabetes Breakdowns in the Original Data  
 
 
 
Figure 9. Barchart of Asthma Breakdowns in the Original Data  
 
Table 17 
 
Breastfeeding History Breakdowns in the Original Data 
 Responses  Frequency Percent 
Yes 641 45.3 
No 464 32.8 
Total 1105 78.0 
Missing 311 22.0 
  Total 1416 100.0 
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Table 18 
 
Participants Who Smoked at Least 100 Cigarettes in Their Lifetime 
Responses FrequencyPercent
 
Yes 634 44.8 
No 782 55.2 
Total 1416 100.0 
 
Table 19 
 
SSRI or Glucocorticoid Use Breakdowns in the Original Data 
  Responses Frequency Percent 
Yes 252 17.8 
No 1153 81.4 
Refused 6 .4 
Don't Know 4 .3 
Total 1415 99.9 
Missing 1 .1 
 Total 1416 100.0 
  
Selective Serotonin Reuptake Inhibitors (SSRIs) and Glucocorticoid drugs were 
included based on the classifications listed on the websites of the Food and Drug 
Administration (2014) and the National Institutes of Health (2014). The SSRIs identified 
in this study were citalopram, escitalopram, fluoxetine, paroxetine, and sertraline. The 
corticosteroids identified were beclomethasone, budesonide, clobetasol, cortisone, 
dexamethasone, desoximetasone, fludrocortisone, flunisolide, fluocinonide, fluticasone, 
hydrocortisone, mometasone, prednisone, prednisolone, and triamcinolone. 
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General Vision Issues 
 Baseline data from responses to questions on the NHANES vision questionnaire 
were used to compile the variable General Vision Issues that did not contain any 
information on cataract surgeries. General Vision Issues also did not contain any 
information on any other diagnosed diseases. Summaries from the responses that 
comprise General Vision Issues are shown in Tables 20 to 29.  
Table 20 
 
Trouble Seeing Even With Glasses/Contacts Baseline Data 
      Responses Frequency Percent 
 
Yes 375 26.5 
No 1040 73.4 
Don't know 1 0.1 
Total 1416 100.0 
 
Table 21 
 
General Condition of Eyesight Breakdowns in the Original Data 
     Responses Frequency Percent 
 
Excellent 368 26.0 
Good 730 51.6 
Fair 253 17.9 
Poor 48 3.4 
Very Poor 15 1.1 
Don't know 2 0.1 
Total 1416 100.0 
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Table 22 
 
Time Worrying About Eyesight Breakdowns in the Original Data 
     Responses Frequency Percent 
 
None of the time 675 47.7 
A little of the time 324 22.9 
Some of the time 245 17.3 
Most of the time 82 5.8 
All of the time 90 6.4 
Total 1416 100.0 
 
Table 23 
 
Difficulty Reading Ordinary Newsprint Breakdowns in the Original Data 
         Responses Frequency Percent 
 
No difficulty 944 66.7 
A little difficulty 290 20.5 
Moderate difficulty 113 8.0 
Extreme difficulty 48 3.4 
Unable to do because of eyesight 12 0.8 
Does not do this for other reasons 8 0.6 
Don't know 1 0.1 
Total 1416 100.0 
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Table 24 
 
Difficulty with Up Close Work or Chores Breakdowns in the Original Data 
        Responses Frequency Percent 
 
No difficulty 1017 71.8 
A little difficulty 275 19.4 
Moderate difficulty 89 6.3 
Extreme difficulty 24 1.7 
Unable to do because of eyesight 6 0.4 
Does not do this for other reasons 5 0.4 
Total 1416 100.0 
 
 
Table 25 
 
Difficulty Seeing Steps/Curbs-Dim Light Breakdowns in the Original Data 
         Responses Frequency Percent 
 
No difficulty 1086 76.7 
A little difficulty 199 14.1 
Moderate difficulty 77 5.4 
Extreme difficulty 35 2.5 
Unable to do because of eyesight 5 0.4 
Does not do this for other reasons 13 0.9 
Don't know 1 0.1 
Total 1416 100.0 
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Table 26 
 
Difficulty Noticing Objects to Side Breakdowns in the Original Data 
      Responses Frequency Percent 
 
No difficulty 1231 86.9 
A little difficulty 121 8.5 
Moderate difficulty 39 2.8 
Extreme difficulty 19 1.3 
Unable to do because of eyesight 4 0.3 
Does not do this for other reasons 2 0.1 
Total 1416 100.0 
 
 
Table 27 
 
Difficulty Finding Object on Crowded Shelf Breakdowns in the Original Data 
      Responses Frequency Percent 
 
No difficulty 1220 86.2 
A little difficulty 145 10.2 
Moderate difficulty 36 2.5 
Extreme difficulty 11 0.8 
Unable to do because of eyesight 2 0.1 
Does not do this for other reasons 1 0.1 
Don't know 1 0.1 
Total 1416 100.0 
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Table 28 
 
Difficulty Driving Daytime – Familiar Place Breakdowns in the Original Data 
      Responses Frequency Percent 
 
No difficulty 1204 85.0 
A little difficulty 51 3.6 
Moderate difficulty 11 0.8 
Extreme difficulty 3 0.2 
Unable to do because of eyesight 7 0.5 
Does not do this for other reasons 37 2.6 
Refused 103 7.3 
Total 1416 100.0 
 
 
Table 29 
 
Vision Limits How Long can do Activities Breakdowns in the Original Data 
            Responses Frequency Percent 
 
None of the time 1237 87.4 
A little of the time 102 7.2 
Some of the time 56 4.0 
Most of the time 14 1.0 
All of the time 7 0.5 
Total 1416 100.0 
 
Cataract Surgeries 
 The data on cataract surgeries, a dependent variable for the logistic regression 
analysis in this dissertation research study, are summarized in Table 30 below. 
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Table 30 
 
Ever had a Cataract Operation Breakdowns in the Original Data 
               Responses Frequency Percent 
 
Yes 13 0.9 
No 1403 99.1 
Total 1416 100.0 
 
 
Specific Non-Cataract Diseases 
 Specific diseases with known etiologies were added to the nonspecific General 
Vision Issues variable in order to create a complete vision issues variable named All 
Vision Issues. The baseline summary statistics of specific diseases recorded on vision 
questionnaires are shown in Tables 31 and 32.  Vision issues due to refractive errors – the 
need for glasses for distance and near glasses – were also included in the dependent 
variable General Vision Issues. The baseline descriptive statistics for responses on 
refractive errors are displayed in Tables 33 and 34. 
  
96 
 
 
Table 31 
 
Ever Told had Glaucoma Breakdowns in the Original Data 
     Responses Frequency Percent 
 
Yes 30 2.1 
No 1379 97.4 
Total 1409 99.5 
 Missing 7 0.5 
   Total 1416 100.0 
 
 
Table 32 
 
Told had Macular Degeneration Breakdowns in the Original Data 
    Responses Frequency Percent 
 
Yes 13 0.9 
No 1396 98.6 
 Missing 7 0.5 
  Total 1416 100.0 
 
Table 33 
 
Glasses or Contacts for Near Test Breakdowns in the Original Data 
      Responses Frequency Percent 
 
Glasses 291 20.6 
Contacts 20 1.4 
Both glasses and contact lenses 5 0.4 
Subtotal 316 22.3 
 Missing 1100 77.7 
     Total 1416 100.0 
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Table 34 
 
Glasses/Contact Lenses worn for Distance Breakdowns in the Original Data 
      Responses Frequency Percent 
 
Yes 619 43.7 
No 684 48.3 
Don't know 1  0.1 
 Missing 112 7.9 
    Total 1416 100.0 
 
 
Clinical Examination Data 
 Unbiased clinical examination data should provide accurate information on the 
state of survey respondents’ health. The Centers for Disease Control and Prevention 
provided information on the training of the observers and the steps taken to minimize 
observer bias in the collection of clinical data for the National Health and Nutrition 
Examination Surveys of 2005-2006 and 2007 -2008 (Centers for Disease Control and 
Prevention, 2014a). Ophthalmologic data were utilized to supplement the data derived 
from questionnaires on vision. Bone density examination data were used to supplement 
the data culled from responses to questions on the osteoporosis questionnaire.     
Ophthalmologic Examinations. 
  Data from the 2005 to 2008 National Health and Nutrition Examination Surveys 
did not include ophthalmologic examinations for cataracts; responses to questions on 
cataract surgeries were used to analyze the relationship between cataracts and mobilized 
lead. The results of the clinical examinations for retinopathy and macular edema were 
assessed and coded based on standardized criteria (Centers for Disease Control and 
98 
 
 
Prevention, 2014a). The data from the ophthalmologic examinations (shown in Tables 35 
to 37) are included in the variable All Vision Issues.   
 
Table 35 
 
Any Retinopathy, Worse Eye Breakdowns in the Original Data 
       Responses Frequency Percent 
 
No 1119 79.0 
Yes 81 5.7 
Subtotal 1200 84.7 
 Missing 216 15.3 
    Total 1416 100.0 
 
 
Table 36 
 
Macular Edema, Worse Eye Breakdowns in the Original Data 
      Responses Frequency Percent 
 
No 1184 83.6 
Yes or Questionable 3 0.2 
Yes, but not Clinically Significant Macular Edema 3 0.2 
Yes, Clinically Significant Macular Edema 8 0.6 
Other 1 0.1 
Subtotal 1199 84.7 
 Missing 217 15.3 
    Total 1416 100.0 
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Table 37 
 
Macular Hole, Worse Eye Breakdowns in the Original Data 
       Responses Frequency Percent 
 
No 1198 84.6 
Questionable 2 0.1 
Subtotal 1200 84.7 
 Missing 216 15.3 
    Total 1416 100.0 
 
 
Bone Density Measurements 
 
 Femoral neck and spine bone mineral density measurements were used to code 
for the osteoporosis variable. Respondents with either femoral neck or total spine bone 
mineral density (BMD) measurement two standard deviations below the mean were 
coded osteoporotic as well as post-menopausal women with either bone measurement one 
standard deviation below the mean. The statistics for BMD measurements for the sample 
population are shown in Table 38. 
 
Table 38 
 
Femoral Neck BMD and Total Spine BMD statistics 
  Statistic Femoral neck BMD Statistic Total spine BMD 
 Mean 0.8287 1.0376 
Std. Deviation .13204 .14117 
Minimum 0.48 0.60 
Maximum 1.46 1.72 
Range 0.98 1.11 
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Laboratory Data 
 Lead was an independent variable in this study. Descriptive statistics of lead 
levels from this sample population were used to determine elevated versus non-elevated 
levels of lead. The reference range for total bilirubin is 0.3 to 1.2 mg/dL (Centers for 
Disease Control and Prevention, 2014a). The reference range for alkaline phosphatase in 
adult females aged 40 to 45 years is 37 U/L to 98 U/L (Mayo Clinic, 2014). This 
reference range was used since the 40 to 45 years age group was the reference group in 
the logistic regression analyses. Elevated alkaline phosphatase levels (greater than 98 
U/L) levels without elevated levels of total bilirubin (greater than 1.2 mg/dL) and 
evidence of osteoporosis were used to code elevated lead levels as mobilized lead. 
Cadmium was analyzed as a covariate in the logistic regression analyses. Data on lead, 
total bilirubin, alkaline phosphatase, and cadmium levels of the sample population are 
shown in Table 39. 
Table 39 
 
Total Bilirubin, Blood Alkaline Phosphatase, Cadmium, and Lead Levels 
 
 Statistic Lead (ug/dL) Total bilirubin 
(mg/dL) 
Alkaline phosphatase 
(U/L) 
Cadmium (ug/L) 
N Valid 1329 1317 1316 1329 
Missing 87 99 100 87 
Mean 1.529 0.637 70.68 0.636 
Median 1.250 0.600 67.00 0.410 
Std. Deviation 1.0224 .2475 23.402 .6646 
Range 7.99 2.50 209 5.86 
Minimum 0.28 0.10 26 0.14 
Maximum 8.27 2.60 235 6.00 
 
  
Figure 10. Histogram of Blood Lead Levels
 Note: Mean = 1.53, Median = 1.25, N = 1329. 
The histogram for lead
distribution is skewed to the right (kurtosis = 9.34). The Centers for Disease Control and 
Prevention (2014a) stated that the geometric mean for lead in the population is 
below 2 µg/dL. The descriptive statist
statement. Therefore, current central parameters were evaluated for the cut point for this 
study. The mean is higher than the median. Since the distribution is right
median of 1.25 ug/dL, not 
elevated lead. 
 
 
 shown in Figure 10 is not normally distributed and the 
ics for this segment of the population support that 
the mean, was chosen as the cut point for the determination of 
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Preparation of the Data 
Missing data were imputed using demographic data such as age, country of birth, 
and ethnic characteristics. The data were coded in binary form (1= Yes, 0 = No) except 
for age, ethnicity, income, and blood lead status. The variable Mobilized Lead was 
created in a series of steps. First an intermediate variable, OSTEO, was coded based on 
bone density measurements two standard deviations below the mean for women who 
were not postmenopausal and one standard deviation below the mean for postmenopausal 
women. A separate intermediate variable, EL_ALK, was created for cases with elevated 
alkaline phosphatase levels without corresponding elevation in total bilirubin. Cases with 
OSTEO = 1 or EL_ALK = 1 or both and with lead levels above the median value (1.25 
µg/dL) were coded as Mobilized Lead. Cases with lead levels above the median value of 
1.25 µg/dL but without any evidence of osteoporosis (OSTEO = 0) or elevated alkaline 
phosphatase levels without elevated levels of total bilirubin (EL-ALK = 0) were coded as 
Elevated Lead.  All other cases were coded No Lead. Thus the lead variable was 
comprised of three dummy variables – No Lead, Elevated Lead, and Mobilized Lead. 
Results of Analyses 
 The results of the analyses were compared with the null and alternative 
hypotheses of each research question. A decision was made regarding whether the null 
hypothesis could be rejected or not based on the criteria of p < .05 and an odds ratio 
greater than one. All results of all variables for each model of the stepwise logistic 
regression analyses are not recorded in this chapter. For ease of interpretation, the most 
significant result of the most significant dummy variable is recorded in each table, as well 
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as the result of the constant in the final model. However, the most significant results for 
Elevated Lead and Mobilized Lead are all recorded for every regression analysis. The 
research questions and conclusions follow: 
RQ1: What is the relationship between the incidence of cataracts and elevated blood lead 
levels in perimenopausal women when there is evidence of bone turnover? 
Logistic Regression with Evidence of Cataracts as the Dependent Variable 
 The Enter logistic method forces all the variables for the possible equation into 
one block and SPSS calculates the parameter estimates for the variables in that block 
(Field, 2009). The Forward Regression method may result in a type II error (Field, 2009). 
Therefore, based on the foregoing and the small number of cataract cases (13), the Wald 
Backward Stepwise Regression was used to determine any possible relationship between 
elevated or mobilized lead and the likelihood of cataract surgery. The coding for the 
regression analysis is shown in Table 40 and the results are shown in Table 41. 
 
Table 40 
 
Categorical Coding for Lead 
 
     Variable Frequency Parameter coding 
(1) (2) 
 
No Elevated Lead 683 .000 .000 
Elevated Lead 523 1.000 .000 
Mobilized Lead 210 .000 1.000 
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Table 41 
 
Result of Regression Analysis between Mobilized Lead and Cataract Surgeries 
    Variable B S.E. Sig. Odds Ratio 95% C.I.for Odds Ratio 
Lower Upper 
 
Elevated Lead -.246 .733 .738 .782 .186 3.288 
Mobilized Lead 1.196 .637 .061 3.307 .948 11.537 
Constant -4.910 .449 .000 .007 
Note: R2 = .003 (Cox & Snell), .032 (Nagelkerke). Model χ2 =4.498, p =.11. 
 The results showed that the contribution of the variable Mobilized Lead could 
not be significantly distinguished from 0. Thus, the model could not predict whether any 
participant would have a cataract surgery based on the presence of elevated lead and 
evidence of bone turnover. 
RQ2: What is the relationship between elevated blood lead levels and general vision 
problems in perimenopausal women? 
Logistic Regression with Evidence of General Vision Problems as the Dependent 
Variable 
 The results of the analysis for the second research question are shown in Table 
42 below. 
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Table 42 
 
Result of Logistic Regression between Mobilized Lead and General Vision Issues 
    Variables in the Equation B S.E. Sig. Odds Ratio 95% C.I.for Odds Ratio 
Lower Upper 
 
Mobilized  .011 
Elevated Lead .314 .126 .013 1.368 1.069 1.752 
Mobilized Lead .408 .167 .015 1.504 1.084 2.088 
Constant -.975 .086 .000 .377 
Note: R2 = .01 (Cox & Snell), .01 (Nagelkerke). Model χ2 =9.06, p =.01. 
 
 The results in Table 38 indicate that the model can be used to predict whether a 
participant may have general vision issues based on the presence of elevated lead and 
evidence of bone turnover (p<0.05). However, the Cox, Snell, and Nagelkerke R square 
values are low and introduction of the variables into the regression analysis does not 
improve the number of cases correctly predicted by the null model: The number of cases 
correctly predicted by the null model and the full model was exactly 68.9 per cent. 
RQ3-: Is evidence of cataractogenesis or general vision-related problems in 
perimenopausal women with evidence of bone lead mobilization (elevated blood lead 
levels and evidence of bone demineralization) significantly different from the evidence of 
cataracts or general vision-related problems in perimenopausal women with no evidence 
of bone lead mobilization?  
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Chi-square analysis between the cases and the controls 
(a) Since there were only 13 cases of participants who had cataract surgeries, there 
were insufficient cases for a valid chi-square analysis. The cross-tabulation table 
is shown below. 
 
Table 43 
 
Cross Tabulation Table for Mobilized Lead and Cataract Surgeries 
Category Cataract Total 
No Yes 
Lead status 
Mobilized 
Count 205 5 210 
Expected Count 208.1 1.9 210.0 
% within Lead status 97.6% 2.4% 100.0% 
% within Cataract 14.6% 38.5% 14.8% 
% of Total 14.5% 0.4% 14.8% 
Std. Residual -.2 2.2 
Not mobilized 
Count 1198 8 1206 
Expected Count 1194.9 11.1 1206.0 
% within Lead status 99.3% 0.7% 100.0% 
% within Cataract 85.4% 61.5% 85.2% 
% of Total 84.6% 0.6% 85.2% 
Std. Residual .1 -.9 
Total 
Count 1403 13 1416 
Expected Count 1403.0 13.0 1416.0 
% within Lead status 99.1% 0.9% 100.0% 
% within Cataract 100.0% 100.0% 100.0% 
% of Total 99.1% 0.9% 100.0% 
 
(b) The results of Chi-square analysis between mobilized lead levels and general 
vision issues are shown in Tables 44 and 45. There was no significant association 
between incidence of vision-related issues and evidence of bone lead turnover in 
the sample of perimenopausal women χ2 =2.93, p =.09. 
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Table 44 
 
Cross-tabulation Table between Mobilized Lead and General Vision Issues 
  Category 
VISION NO CATARACTS  
Total No general  
vision issues 
Bad vision 
 
No Evidence of Mobilized Lead 
Count 841 365 1206 
Expected Count 830.4 375.6 1206.0 
% within Mobilized Lead 69.7% 30.3% 100.0% 
% within Vision No Cataracts 86.3% 82.8% 85.2% 
% of Total 59.4% 25.8% 85.2% 
Std. Residual .4 -.5 
Evidence of Mobilized Lead 
Count 134 76 210 
Expected Count 144.6 65.4 210.0 
% within Mobilized Lead 63.8% 36.2% 100.0% 
% within Vision No Cataracts 13.7% 17.2% 14.8% 
% of Total 9.5% 5.4% 14.8% 
Std. Residual -.9 1.3 
   Total 
Count 975 441 1416 
Expected Count 975.0 441.0 1416.0 
% within Mobilized Lead 68.9% 31.1% 100.0% 
% within Vision No Cataracts 100.0% 100.0% 100.0% 
% of Total 68.9% 31.1% 100.0% 
 
 
Table 45 
 
Statistics for Chi-square Test Between Mobilized Lead and General Vision Issues 
Statistic Value df Asymp. Sig. (2-
sided) 
Exact Sig. (2-
sided) 
Exact Sig. (1-
sided) 
Pearson Chi-Square 2.928a 1 .087 .090 .053 
Likelihood Ratio 2.864 1 .091 .106 .053 
Fisher's Exact Test .090 .053 
N of Valid Cases 1416 
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(c) There was significant association between the incidence of vision-related issues 
with the 13 cases of cataracts and the evidence of bone turnover in the sample of 
perimenopausal women: χ2 =3.45, p (one-tailed) =.04. The cross-tabulation table 
is shown in Table 46 and full Chi-square result statistics are shown in Table 47. 
 
Table 46 
 
Cross-tabulation Table Between Mobilized Lead and General Vision Issues Combined 
With Cataract Surgeries 
Category 
VISION WITH 
CATARACTS INCLUDED 
Total 
No General 
vision issues 
Bad vision 
 
No Evidence of 
Mobilized Lead 
Count 836 370 1206 
Expected Count 824.4 381.6 1206.0 
% within Mobilized Lead 69.3% 30.7% 100.0% 
% within Vision with Cataracts Included 86.4% 82.6% 85.2% 
% of Total 59.0% 26.1% 85.2% 
Std. Residual .4 -.6 
Evidence of 
Mobilized Lead 
Count 132 78 210 
Expected Count 143.6 66.4 210.0 
% within Mobilized Lead 62.9% 37.1% 100.0% 
% within Vision with Cataracts Included 13.6% 17.4% 14.8% 
% of Total 9.3% 5.5% 14.8% 
Std. Residual -1.0 1.4 
      Total 
Count 968 448 1416 
Expected Count 968.0 448.0 1416.0 
% within Mobilized Lead 68.4% 31.6% 100.0% 
% within Vision with Cataracts Included 100.0% 100.0% 100.0% 
% of Total 68.4% 31.6% 100.0% 
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Table 47 
 
Statistics for Chi-square test between Mobilized Lead and Cataract Surgeries with 
General Vision Issues 
  Statistic Value df Asymp. Sig.  
(2-sided) 
Exact Sig.  
(2-sided) 
Exact Sig.  
(1-sided) 
Pearson Chi-Square* 3.454a 1 .063 .065 .039 
Likelihood Ratio* 3.376 1 .066 .077 .039 
Fisher's Exact Test* .065 .039 
N of Valid Cases 1416  
    * Test significant at the one-tailed level. 
 
 Chi-square analysis of general vision issues – non-specific vision diseases 
including refractive errors – did not yield a significant p value. However, chi-square 
analysis of all vision variables combined with mobilized lead was significant (p=0.003, 
two-tailed; p=0.001, one-tailed). Chi-square analysis of mobilized lead and general vision 
issues combined with glaucoma was significant (p=0.037, two-tailed; p=0.021, one-
tailed); general vision issues with macular degeneration (p=0.041, one-tailed); and 
general vision issues with a macular hole (p=0.024, two-tailed; p=0.013, one-tailed). 
Logistic Regression including Confounding Variables 
RQ4: Is the evidence of cataractogenesis or general vision-related problems in 
perimenopausal women with evidence of bone lead mobilization significantly different 
from the evidence of cataracts or general vision-related problems in perimenopausal 
women with no evidence of bone lead mobilization when the data are controlled for age? 
 Stepwise logistic regression was performed to determine the contribution of 
known confounding factors such as smoking status, age, use of steroids, ever nursed 
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children, diabetes status, ethnicity, and asthma status, Additional possible confounding 
factors such as being born in the United States and Income level to represent socio-
economic status were also added to the regression analysis. Menopause status was 
factored into the determination of bone demineralization and therefore the variable was 
omitted from the regression analysis. 
 Backward logistic regression was performed on the dependent variables and 
covariates. The parameter coding is shown in Table 48 and the results are shown in Table 
49 to 51. 
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Table 48 
 
Coding of Parameters 
Categories Frequency Parameter coding 
(1) (2) (3) 
Rae/Ethnicity 
Non-Hispanic White 633 .000 .000 .000 
Hispanic/Mexican 
Hispanic 
366 1.000 .000 .000 
Non-Hispanic Black 335 .000 1.000 .000 
Other Race 64 .000 .000 1.000 
Mobilized Lead 
No Elevated Lead 676 .000 .000 
Elevated Lead 520 1.000 .000 
Mobilized Lead 202 .000 1.000 
Ages in 3 Groups 
40 -45 years 574 .000 .000 
46 - 50 years 424 1.000 .000 
51-55 years 400 .000 1.000 
Income 
Less than $20,000 249 .000 .000 
$20,000 - $74,999 733 1.000 .000 
$75,000 and over 416 .000 1.000 
Born in our out of USA 
Born in the USA 1053 .000 
Born Elsewhere 345 1.000 
Breastfed Child 
Yes 827 1.000 
No 571 .000 
SSRI or Glucocorticoid 
SSRI or Glucocorticoid 1077 1.000 
No SSRI or Glucocorticoid 
Medication 
321 .000 
Smoked at least 100 
cigarettes 
Yes 624 1.000 
No 774 .000 
Pre-diabetics/Diabetic Yes 208 1.000 
No 1190 .000 
   Note: SSRI=Selective Serotonin Reuptake Inhibitors 
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Table 49 
 
Logistic Regression Results of Cataract Surgeries and Known Confounders 
 Variables B S.E. Sig. Odds 
Ratio 
95% C.I.for Odds 
Ratio 
Lower Upper 
 
Smokers .078 .650 .905 1.081 .302 3.865 
Cadmium -.098 .500 .844 .907 .340 2.417 
Breastfed children -.219 .599 .715 .804 .248 2.600 
Mobilized Lead .604 .703 .391 1.829 .461 7.255 
Born outside the USA .853 .901 .344 2.346 .401 13.716 
Pre-diabetic/Diabetic -1.167 1.066 .273 .311 .039 2.514 
Asthma -1.376 1.078 .202 .253 .031 2.088 
Aged >50 years* 1.751 .800 .028 5.763 1.202 27.621 
Ethnic .066 .594 .911 1.068 .334 3.421 
Income > $75,000 -2.132 1.111 .055 .119 .013 1.046 
SSRI or corticosteroid use* 1.199 .578 .038 3.316 1.068 10.296 
 Constant -4.995 .881 .000 .007
   Note: SSRI=Selective Serotonin Reuptake Inhibitors 
* Significant at the 0.05 level 
   Note: R2 = .023 (Cox & Snell), .229  (Nagelkerke). Model χ2 =25.73, p =.009. 
 There were a small number of cataract surgeries; however, age was the variable 
that was most predictive regarding whether a participant would have had cataract surgery. 
The use of selective serotonin inhibitors or glucocorticoids was predictive of cataract 
surgery in this sample of women even though the sample was small. However, due to the 
small number of cataract surgeries, the predictive power of the model with variables was 
not improved over the null model. 
(a) Backward Logistic Regression (LR) of 1105 cases with general vision issues and 
mobilized lead with various covariates yielded the following significant 
information: 
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Table 50 
 
Logistic Regression Results for General Vision Issues 
    Variables B S.E. Sig. Odds 
Ratio 
95% C.I. for Odds Ratio 
Lower Upper 
 
Aged > 50 years .110 .147 .455 1.116 .837 1.488 
Asthma .293 .164 .074 1.341 .972 1.851 
Born outside the USA -.102 .187 .584 .903 .626 1.302 
Breastfed children -.197 .126 .116 .821 .642 1.050 
Cadmium* .215 .098 .029 1.240 1.023 1.504 
 
Hispanic/Mexican-Hispanic* .466 .151 .002 1.593 1.184 2.144 
Income>$75,000* -1.167 .189 .000 .311 .215 .451 
Mobilized Lead .115 .179 .521 1.122 .790 1.593 
Prediabetic-/Diabetic* .356 .159 .025 1.428 1.046 1.950 
Smokers* .346 .134 .010 1.413 1.087 1.837 
SSRI or corticosteroid use* .409 .161 .011 1.505 1.098 2.064 
Constant -1.050 .190 .000 .350 
   Note: SSRI=Selective Serotonin Reuptake Inhibitors 
* Significant at the 0.05 level 
   Note: R2 = .08 (Cox & Snell), .12 (Nagelkerke). Model χ2 =116.84, p =.00. 
  
Table 46 showed that mobilized lead did not contribute significantly to the model. 
However, the model with variables included improved the number of cases of vision 
issues predicted over the null model from 68.9 percent cases to 70.5 percent. 
 Backward Logistic Regression (LR) of general vision issues with cataract 
operations and mobilized lead with breastfeeding, age, smoking status yielded the 
following significant information: 
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Table 51 
 
Logistic Regression Results for General Vision Issues with Cataract Surgeries 
   Variables B S.E. Sig. Odds 
Ratio 
95% C.I. for  Odds Ratio 
Lower Upper 
 
Aged >50 years .067 .156 .667 1.069 .788 1.452 
Asthma .254 .164 .122 1.289 .934 1.779 
Born outside the USA -.135 .188 .473 .874 .605 1.263 
Breastfed children -.201 .125 .108 .818 .641 1.045 
Cadmium* .215 .098 .028 1.240 1.024 1.502 
Hispanic/Mexican-Hispanic* .404 .150 .007 1.497 1.116 2.009 
Income $75,000 or over* -1.213 .188 .000 .297 .206 .430 
Lead> 1.10 ug/dL .169 .138 .219 1.184 .904 1.551 
Mobilized lead .142 .177 .422 1.153 .815 1.632 
Prediabetic-/Diabetic* .356 .158 .024 1.428 1.048 1.944 
Smokers* .345 .133 .009 1.412 1.088 1.833 
SSRI or corticosteroid use* .489 .158 .002 1.630 1.197 2.220 
Constant -.924 .186 .000 .397 
     Note: SSRI=Selective Serotonin Reuptake Inhibitors 
 
*Significant at the 0.05 level 
    Note: R2 = .08 (Cox & Snell), .12 (Nagelkerke). Model χ2 =114.08, p =.00. 
 
 Backward logistic regression of all vision cases was constructed for comparison. 
The vision variables included were glaucoma, macular edema, macular hole, and 
retinopathy. The results were similar to results obtained with backward regression of 
general vision issues and cataract surgeries but the model’s predictive ability was better 
with a final prediction of 71.0 percent correct over 69.8 percent predicted by the null 
model. The results of the logistic regression are shown in Table 52. 
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Table 52 
 
Logistic Regression Results for All Vision Issues Combined 
Variables B S.E. Sig. Exp(B) 95% C.I.for EXP(B) 
Lower Upper 
Aged >50 years* 1.612 .174 .000 5.013 3.562 7.055 
Asthma .105 .185 .571 1.111 .773 1.596 
Born outside the USA* -.458 .139 .001 .633 .482 .831 
Breastfed children -.458 .139 .001 .633 .482 .831 
 
-.039 .135 .772 .962 .738 1.253 
Cadmium -.045 .108 .679 .956 .773 1.182 
Ethnic -.328 .302 .277 .720 .398 1.302 
Income > $75,000 -.250 .189 .186 .779 .537 1.128 
Lead>1.10ug/dL .170 .140 .227 1.185 .900 1.561 
Mobilized Lead .083 .211 .694 1.087 .718 1.643 
Prediabetic-/Diabetic* .490 .191 .010 1.632 1.122 2.372 
Smokers* .318 .126 .011 1.375 1.074 1.760 
SSRI or corticosteroid use* .616 .184 .001 1.851 1.291 2.653 
Constant .135 .116 .242 1.145 
   Note: SSRI=Selective Serotonin Reuptake Inhibitors 
 
Note: R2 = .11 (Cox & Snell), .16 (Nagelkerke). Model χ2 =165.92, p =.000. 
Additional Statistical Tests 
 The inverse relationship between being born outside the U.S.A. and poor vision 
was unexpected. Therefore, Chi-square analyses were performed to test the significance 
of the difference in incidence of cataract surgeries and vision issues between women who 
were born in the USA and women who were born elsewhere. The results are shown in 
Table 49.  
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Table 53 
 
Significance values for Chi-square analysis between Born in the U.S.A. and Vision 
Variables 
Location of Birth Cataract 
 Surgeries 
General Vision 
Issues 
All Vision 
Issues 
Born in the U.S.A.  
(one-tailed p value) .138 .000 .000 
Born in the U.S.A.  
(two-tailed p value) .328 .000 .000 
 
Cataract surgery cases were then classified by location of birth (U.S., Mexico, other 
Spanish-speaking country, or elsewhere) in order to determine where the women who had 
cataract surgeries were born. Classification of the cataract surgery cases by place of birth 
is shown in Table 54. 
Table 54 
 
Cataract Surgeries by Place of Birth  
Location of Birth Frequency 
Percent of 
Total # 
Cataracts 
Number 
born in 
Location 
Percent  
born in 
Location 
Born in 50 U.S. States or 
Washington, DC 8 61.5 1066 75.3 
Born in Mexico 3 23.1 159 11.2 
Born in Other Spanish Speaking 
Country 2 15.4 78 5.5 
Born Elsewhere 0 0.0 113 8.0 
Total 13 100.0 1416 100.0 
 
 An inverse relationship between breastfeeding and poor vision was anticipated. 
However, the relationship was not significant when other confounders such as smoking, 
age, and income were included in the logistic regression model. Therefore the association 
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between breastfeeding and the vision variables – cataract surgeries, general vision issues, 
and all vision issues – was investigated with Chi-square analysis to determine the 
significance of the difference in vision between women who had ever breastfed and 
women who had not. The results of the analyses are shown in Table 55.  
 
Table 55 
 
Significance Values for Chi-square Analysis Between Ever Having Breastfed and Vision 
Variables 
Statistic Cataract Surgeries General Vision Issues All Vision Issues 
Breastfed a child 
(one-tailed p 
value) 
.448 .006. .002 
Breastfed a child 
(two-tailed p 
value) 
.779 .010 .004 
 
 Ethnicity is a nominal categorization. Individuals of Hispanic and Mexican 
Americans origin were found to be at risk for general vision issues and general vision 
issues and cataract surgeries combined. Cataract surgeries were tabulated by ethnicity to 
understand just how many of the cataract surgeries were attributed to Hispanic American, 
Mexican American and individuals of the other ethnic groups. The results of the 
categorization by ethnic group are shown in Table 56.  
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Table 56 
 
Cataract Surgeries by Ethnic Group 
Ethnic Group Frequency Percent Number in Sample
% of Total 
Sample
 Non-Hispanic White 8 62 641 45
 
Mexican American 3 23 259 18
Other Hispanic 2 15 112 8
Non-Hispanic Black 0 0 339 24
Other Ethnic Groups 0 0 65 5
Total 13 100 1416 100.0
 
Summary 
Research Question One 
 Logistic regression of cataract cases and data on mobilization of lead in 
perimenopausal women in the NHANES 2005-2008 surveys did not reveal any 
statistically significant association between mobilized lead and cataracts (p>0.5). The 
odds ratio of each category of the variable Mobilized Lead included the number one. 
However, closer examination of the data revealed the possibility of clinical significance 
between lead levels above the median and the need for cataract surgeries (p=.06).  The 
null hypothesis could not be rejected.  
Research Question Two 
Analysis of the data revealed an association between mobilized lead and general 
vision problems in perimenopausal women (p=.015) and odds ratio = 1.50 (1.08-2.09). 
However, the association was weak as evidenced by the small R square values and the 
fact that the full model did not improve on the number of cases predicted by the null 
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model. Although, the association is weak, based on the value of alpha and the confidence 
interval of the odds ratio that does not include one; the null hypothesis was rejected.  
Research Question Three 
There were insufficient cataract cases for a valid chi square analysis of cataract 
cases and mobilized lead. However, analysis of cataract cases combined with general 
vision problems revealed a significant difference between cases of cataracts in women 
with evidence of mobilized lead and women who did not have evidence of mobilized lead 
at the one-tailed level but not at the two-tailed level. The difference is significant because 
chi-square analysis of general vision problems and mobilized lead without the inclusion 
of cataracts did not reveal an association between the two conditions. The null hypothesis 
was rejected. 
Research Question Four  
Logistic regression analysis revealed that age and the use of selective serotonin 
reuptake inhibitors (SSRIs) was a significant factor in the incidence of cataract surgeries 
(OR = 5.72, p < .05, 95% CI [1.20, 27.34]; OR = 3.31, p < .05, 95% CI [1.01, 10.30]; 
respectively) but mobilized lead was not (p=.39). Besides age and SSRIs, a diagnosis of 
pre-diabetes/diabetes, and having the characteristics of being born in a foreign country, 
income above $75,000, and being Hispanic or Mexican-American heritage contributed to 
the models for non-specific vision issues, non-specific vision issues and cataracts and all 
vision issues combined. However, mobilized lead did not contribute.  Therefore, the null 
hypothesis that mobilized lead has no association with the incidence of cataracts in 
perimenopausal women when age is considered could not be rejected. The null 
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hypothesis for an association between mobilized lead and general vision issues when age 
and other confounders are included in the analysis also could not be rejected. 
 In the next chapter, the results of the analyses for the four research questions are 
discussed. Confirmations or disconfirmations of the results of previous studies are 
reported and the limitations and generalizability of the study will also be stated. In the 
final section of the discussion chapter, the significance of the study and implications for 
social change are addressed. 
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Chapter 5: Discussion, Recommendations, and Conclusion 
Introduction 
 The purpose of this study was to determine whether there is any association 
between lead mobilized during the perimenopausal years and the incidence of cataracts or 
general vision-related issues observed in women worldwide. Investigators of a 2004 
study found a significant association between endogenous lead and cataracts in elderly 
men (Schaumberg et al., 2004). A similar study conducted in 2013 on women aged 55 to 
70 years was negative for an association between lead and cataracts (Park et al., 
unpublished).  However, literature review did not reveal any research that addressed the 
mobilization of lead that occurs during the perimenopausal years as a possible causative 
factor for the higher risk for vision issues and the higher incidence of cataracts in women. 
This study was conducted to help close the gap in the literature regarding a possible cause 
for the phenomenon of earlier incidence for cataracts and higher risk for vision issues in 
women seen worldwide. 
 This study was specifically designed to investigate the mobilization of 
endogenous lead in women using a younger population than Park et al.’s unpublished 
2013 study. The sample for this study was drawn from women in their perimenopausal 
years (aged 40 to 55 years) who had participated in the National Health and Nutrition 
Examination Surveys during the years 2005-2006 and 2007-2008. Blood lead levels and 
data on vision issues and cataract surgeries were examined in order to determine whether 
there was any association between mobilized lead and cataracts or vision issues. Elevated 
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alkaline phosphatase levels without corresponding elevated levels of total bilirubin were 
interpreted as evidence of bone demineralization.  
For this study, I used the attainment of menopause as an additional indicator that 
bone lead mobilization could have occurred based on the work of Ruegsegger et al. 
(1984) and Machida et al. (2009). The laboratory test results for total bilirubin and 
alkaline phosphatase, bone mineral density measurements, and self-reported age at 
menopause were included in the examination in order to ascertain whether elevated levels 
of lead were due to a possible demineralization of bone. The results of ophthalmologic 
examinations for retinopathy, macular degeneration, as well as responses to 
questionnaires on difficulty with vision or ever had cataract surgeries were used to 
compile the dependent variables for vision. 
Key Findings 
 The key finding of this study was that evidence of cataractogenesis in 
perimenopausal women with evidence of bone lead mobilization was significantly 
different from evidence of cataracts in perimenopausal women with no evidence of bone 
lead mobilization. The significance was a derived significance because 13 cataract 
surgeries were insufficient for a Chi-square analysis to be performed. However, Chi-
square analysis with general vison issues did not yield a significant result (p = .090, two-
tailed; p = .053, one-tailed) but Chi-square analysis with the 13 cataract surgeries plus 
general vision issues yielded a significant result at the one-tailed level (p = .039).  
 Another important finding was that there was a relationship between elevated 
blood lead levels and general vision problems in perimenopausal women. Elevated lead 
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levels without evidence of mobilization (OR = 1.37, p = .13, 95% CI [1.07, 1.75]) and 
mobilized lead (OR = 1.50, p = .015, 95% CI [1.08, 2.09]) were significant contributors 
to the model when no confounders were included. However, the null hypothesis could not 
be rejected for the remaining research questions. The results are summarized in Table 57 
below. 
Table 57 
 
Answers to Research Questions 
 Research Question Null Hypothesis Rejected 
1. Is there a relationship between the incidence of cataracts and elevated 
blood lead levels in perimenopausal women when there is evidence of 
bone turnover? 
 
No 
2. Is there a relationship between elevated blood lead levels and general 
vision problems in perimenopausal women? 
 
Yes 
3. Is evidence of cataractogenesis or general vision-related problems in 
perimenopausal women with evidence of bone lead mobilization 
significantly different from the evidence of cataracts or general 
vision-related problems in perimenopausal women with no evidence 
of bone lead mobilization? 
 
Yes 
4. Is the evidence of cataractogenesis or general vision-related problems 
in perimenopausal women with evidence of bone lead mobilization 
significantly different from the evidence of cataracts or general 
vision-related problems in perimenopausal women with no evidence 
of bone lead mobilization when the data is controlled for age? 
No 
 
  The methods used to extract the data from the National Health and Nutrition 
Examination datasets and prepare the data for the analyses were validated by the results 
of the logistic regression analyses for research question four. Many of the covariates 
gleaned from the literature review, such as age, smoking, and the use of corticosteroids; 
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were positively associated with either cataracts or general vision issues. The complete list 
of contributing covariates included diabetes (Lindblad et al., 2008; Olafsdottir et al., 
2012), selective serotonin reuptake inhibitors and glucocorticosteroids (SSRI, 2010), age 
(Kanthan et al., 2008), smoking of cigarettes (McCarty et al., 1999), elevated levels of 
cadmium (Mosad et al., 2010), and a higher risk for vision issues if an individual were 
Hispanic or Mexican American (Broman et al., 2005).  
 Cataractogenesis is a slow process that takes years to develop (Brown et al., 
1999). Therefore the finding that age increased the odds ratio for cataract surgeries (p 
=.028) in this sample of women validated the analysis. This finding also confirms reports 
of previous studies such as the report of Zambelli-Weiner et al. (2012). Other significant 
contributors to vision problems in this sample of women were diabetes, selective 
serotonin reuptake inhibitors and glucorticosteroids, smoking, elevated cadmium blood 
levels, and being of the Hispanic or Mexican-American ethnic group. Asthma was not 
found to be a significant contributor.  
 Covariates negatively associated with vision issues were income higher than 
$75,000 per year and being born outside of the United States of America. Individuals 
who had breastfed their children had a reduced risk for vision issues including cataract 
surgeries, but the reduced risk was not significant when the analysis included known 
predictors of poor vision such as SSRIs and glucocorticoids, smoking, diabetes, and 
cadmium (OR = 0.82, p = .11, 95% CI [0.64, 1.05]). The covariables that were 
significantly associated with cataract surgeries were SSRIs and age. Covariables that 
were significantly associated with general vision issues and general vision issues plus 
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cataract surgeries were being Hispanic-or Mexican-American, income level, a diagnosis 
of diabetes or prediabetes, smoking status and use of SSRIs or corticosteroids. Mobilized 
lead was weakly associated with general vision issues only in the absence of confounders. 
Age, being born outside of the U.S.A., a diabetes or prediabetes diagnosis, smoking 
status and SSRI or corticosteroid use were all significantly associated with all vison 
issues combined. The significance of the associations between the covariables, mobilized 
lead, and the dependent variables – cataract surgeries, general vision issues, general 
vision issues with cataract surgeries, and all vision issues – are graphically illustrated in 
Figure 11 below. 
Independent Variable and 
Confounders 
Dependent Variables 
Cataract 
Surgeries 
General 
Vision 
General Vision 
& Cataract 
surgeries 
All Vision Issues 
Aged >50 years       
  
Asthma         
Born outside the U.S.A.         
Breastfed children   
  
    
Cadmium         
Hispanic/Mexican-
Hispanic         
Income $75,000 or over         
Mobilized lead         
Pre-/Diabetes         
Smokers         
SSRI or corticosteroid use         
 
 Key          Significant association. Logistic regression 
                  Significant association, Chi-square analysis 
                  Significant association, Logistic regression, without confounders included 
 
Figure 11. Graphic representation of results of logistic regression and Chi-square 
analyses.  
126 
 
 
Interpretation of the Findings 
In Context of Previous Findings 
 This study extends the knowledge regarding cataracts in women and lead as a 
possible causative factor for cataracts. The landmark study on lead and cataracts was 
published by Schaumberg et al. in 2004, who only examined men older than 60 years 
(Schaumberg et al., 2004). In an unpublished study in 2013, Park et al. analyzed data on 
cataract surgeries and bone lead in women aged 55 to 70 years. The women in my 
dissertation study were aged 40 to 55 years. At the time of writing, this appears to be the 
first study regarding a possible association between lead and cataract surgeries in 
perimenopausal women. 
 The results of this study indicate that there is a significant difference in the 
incidence of cataract surgeries between women who have evidence of mobilized lead and 
women who do not. This association was deduced from the results of the Chi square 
analyses of mobilized lead and vision issues with cataract surgeries (p < .05) and 
mobilized lead and vision issues without cataract surgeries (p > .05). The level of 
significance was deduced with only 13 cases of cataract surgery out of a total number of 
1,416 survey respondents. These Chi-square analysis results are different from the results 
obtained by logistic analysis between bone lead content and cataract surgeries for women 
aged 55 to 70 years: Park et al. (unpublished) did not find any significant association in 
their study. The difference in results underscores the importance of method selection for 
comparative study. By choosing Chi-square analysis as one of the methods for 
determining association between mobilized lead and cataract surgeries, I was able to 
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show that lead can be considered a possible causative factor for-vision issues in 
perimenopausal women.  
 Logistic regression analysis of the cases in this study yielded no significant 
association between mobilized lead and cataract surgeries but there was significant 
association between mobilized lead and vision issues in this sample of perimenopausal 
women. The positive coefficient for mobilized lead indicated that the relationship 
between mobilized lead and vision issues was direct. The significance of the relationship 
between lead and vision issues diminished, however, when known confounders such as 
age, smoking, diabetes status, selective serotonin reuptake inhibitor and corticosteroid 
use, ethnicity, born outside the USA, and income level were included in the analysis. 
Once the confounders were considered, the results of logistic regression analysis of the 
data matched the results obtained by Park et al. (unpublished).The similarity in results 
between the two studies indicates there could be a weak association between lead and 
cataract surgeries in Park et al.’s study that was similarly masked by the stronger 
covariables. On the other hand, due to the age of the women in Park et al.’s study; such 
an association may not exist.  
 A noteworthy finding in this study was that blood lead levels have continued to 
decline throughout the decades since the United States Congress banned lead from 
gasoline in 1970 (Callendar & Van Metre, 1997; Pirkle et al., 1994): The mean blood 
lead level in the sample of perimenopausal women during the years 2005 to 2008 was 
1.50 micrograms per deciliter; lower than 2.76 micrograms per deciliter in 1994 and 1.64 
micrograms per deciliter in 2002 (Muntner et al., 2005). This finding mirrors the 2009 
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report of decreased blood lead levels in U.S. children (Jones et al., 2009). However, this 
research study was conducted to determine whether there is any association between 
mobilized lead and cataracts and general vision problems in perimenopausal women. 
Therefore, data of vision issues in women with no evidence of mobilized lead was 
compared with data of vision issues of women with evidence of mobilized lead in order 
to determine if there was any significant difference. The result indicated there was a 
significant difference between these two groups of women (p = .039, one-tailed). This 
result validates the result of the case control study of Schaumberg et al. (2004). This 
study also extends knowledge in the discipline since the data analyzed were from 
perimenopausal women; a group that has not been studied for an association between 
lead and vision issues before.   
 The information gleaned from this study should be representative of the women 
of the perimenopausal age group during the years 2005-2008 because according to the 
Centers for Disease Control and Prevention (2014a), sampling techniques were used to 
reduce bias in the National Health and Nutrition Examination Surveys. Also, age-by-age 
comparison between the women in this sample and the women in United States census 
estimates of 2010 did not reveal any significant differences between the two groups. The 
minimum sample size for this case control study was determined as 143 cases and 143 
controls for 80 percent power. The sample sizes for the two previous studies on cataracts 
and lead were 642 and 502 (Schaumberg et al., [2004] and Park et al. [unpublished]; 
respectively). The sample size for this study was 1,416. Therefore, based on sample size 
and sampling technique, the design of this research study compares well with the designs 
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of the previous studies on lead and cataracts and the results can be considered to be valid. 
In addition, when the age group and of the individuals and the low levels of lead are 
taken into account, the results of this study extend our knowledge of lead and cataracts.  
 The validity of this study is confirmed by the results of the logistic regression 
analyses. Many of the significant covariates in this study were significant independent 
variables in previous analyses: Age (Kanthan et al., 2008), cadmium levels (Mosad et al., 
2010), corticosteroid and selective serotonin reuptake inhibitor use (SSRI, 2010), 
diabetes (Olafsdottir et al., 2012), smoking (McCarty et al., 1999), and being Hispanic or 
Mexican American (Broman et al., 2005) increase the risk of cataract and/or vision 
issues. In this study, inverse risks were associated with high income and being born 
outside the U.S.A. The former is a known inverse risk factor for cataracts and other 
vision problems and confirms the results obtained by Hunt et al. (2009), Klein and Klein 
(2013), and Zambelli-Weiner et al. (2012). However, review of the literature did not 
reveal that being born in the U.S.A. is a risk factor for vision issues. Cooking with 
biomass fuels is a risk factor for developing cataracts (Mishra et al., 1999) and exposure 
to UV radiation (Hollows & Moran, 1992) is another independent risk factor for 
cataracts. Based on these two factors, women were categorized into born in the U.S.A. 
and born elsewhere. Therefore the finding that being born inside the U.S.A. was an 
independent risk factor for vision-related issues in this group of women was unexpected.   
 The phenomenon of being born in the U.S.A. as a significant risk factor for 
vision issues was further investigated with follow-up Chi-square analysis between the 
variable born in the U.S.A. and cataract surgeries, general vision issues, and all vision 
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issues. Cataract surgeries were also tabulated by place of birth. The results are shown in 
Tables 49 and 50 in chapter four. The Chi-square analyses validate the association 
observed in the logistic regression. There was no difference in the number of cataract 
surgeries between the women born in the U.S.A. and women born elsewhere but the 
categorization in Table 50 in chapter four shows that all the women born elsewhere who 
had cataract surgeries were either born in Mexico or another Spanish-speaking country. 
Thus the results of additional analyses validated the work of Broman et al. (2005) but 
added no new information regarding the reason for the apparent disparity in vision issues 
between women born in the U.S. and women born elsewhere: A custom-designed study is 
needed to elicit the cause of the unexpected finding. 
 Anticipated results of the study included the confirmation that the odds of 
having cataract surgery are higher for non-Hispanic white individuals as well as 
Hispanic/Mexican Americans. Based on a previous research which indicated that women 
who had ever given birth to children had lower blood lead levels during perimenopausal 
osteopenia than women who had not (Silbergeld et al., 1988) and the hypothesis for this 
study, I expected an inverse relationship between the breastfeeding variable and vision 
issues. Breastfeeding was chosen, and not parity, since it can be assumed that a woman 
who has breastfed a child has also given birth to a child and therefore has been doubly 
exposed to leaching of lead from the bones prior to the perimenopausal period. As I 
expected, the coefficient for the breastfeeding variable was negative in every logistic 
regression analysis. However, the inverse relationships were not significant (p values 
ranged from .72 to .12). It appeared that, like lead, the significance of having breastfed a 
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child in this sample of women was masked by the influence of confounders such as 
smoking, corticosteroids/SSRIs, and age. Therefore additional studies were performed to 
determine whether women in the sample who had ever breastfed their children had vision 
issues that were significantly different from the women who had never breastfed their 
children. The results shown in Table 51 indicate that there was a significant difference 
between the two groups of women. 
 Asthma was listed as a predictive factor for cataract surgeries in the results of 
one study; this finding was not substantiated in this study (Delcourt et al., 2000). 
However, the, use of corticosteroids which may be used to treat asthma was confirmed as 
a confounding factor for cataracts. The previous finding by Mishra et al. (1999) that 
cooking with biomass fuel causes cataracts was not substantiated in this sample of 
women; more American-born women had cataract surgeries than women who were born 
outside of the United States. However, overall the validity of the study is confirmed by 
the number of previous results confirmed by the results of this study.  
In Context of Theoretical Concepts 
 The theoretical framework for this research study was constructed from 
epidemiological and clinical studies conducted in the past five decades and social 
cognitive theory (SCT). The premise of the study is that lead sequestered in the body 
during a woman’s lifetime is released into the blood stream as the bones begin to thin in 
the perimenopausal years. The mobilized lead then reaches the lenses of the eyes and 
through any of several processes causes the lenses to cloud. Bone lead mobilization in 
men is a gradual process but in women, the process is more rapid.  The release of lead in 
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the blood stream in the middle years has been reported to cause hypertension, 
neurological disturbances, and kidney disease (Hu et al., 1996; Nash et al., 2003; Weuve 
et al., 2009). The hypothesis for this study was that bone lead mobilization is a possible 
cause for the earlier appearance of cataracts and the higher risk for vision-related issues 
in women. The reason for performing the study was, based on social cognitive theory. It 
is expected that individuals will make an effort to undertake the necessary changes once 
they have appropriate information. They will do so because of moral detachment, 
observational learning, self-regulation, and the ability to control environmental factors 
(McAlister et al., 2008). 
 This is believed to be the first study with results that show any evidence of an 
association between lead released during the perimenopausal years and cataract surgeries. 
The association is not as pronounced as the association exhibited by predictive factors 
such as diabetes and corticosteroids. However, the association is present (as evidenced by 
the Chi-square analyses) and may be the reason that women worldwide have vision issues 
for which no distinctive cause has yet been found. One of the strong reasons that points to 
mobilized lead as being a positive predictive factor for the low occurrence of vision 
problems, are the results of the follow-up Chi-square analysis between ever having 
breastfed and vison issues. The results revealed significant differences in vision issues 
between women who have breastfed their children and women who have not. The 
coefficient for the breastfeeding variable was negative in the logistic regression analysis 
and therefore it appears that the leaching of lead in the gestation and lactation periods of 
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the women’s life cycles lowered the women’s risk for vision related issues in the 
perimenopausal years.  
 The results of this research study indicate that the low-level association between 
mobilized lead, general vision issues, and cataracts is masked by stronger confounding 
factors in epidemiological studies. Alternately, the association may have been weak 
because whole blood lead levels and not plasma lead levels are examined. According to 
Hu and Hernandez-Avila (2002), plasma lead levels may be a much better indication of 
lead mobilized from bone than whole blood lead levels because lead bound to red blood 
cells is not as available. In the data available for this research study, only whole blood 
lead levels were available. 
 Bone lead storage, and specifically, storage of lead in the long bones, is 
generally regarded as an excellent measure of lifetime exposure to lead. However, it is 
mobilized lead that causes deleterious effects in the body; not lead in stored in the bones 
(Silbergeld et al, 1988). According Ruegsegger et al. (1984), the period when lead is 
mobilized in women post menopause may as be short as two years. Based on the work of 
Armamento-Villareal (1992), bone demineralization and thus, lead mobilization may 
begin before menopause due to some individuals’ declining estrogen levels. Therefore, 
based on where each woman is in her menopausal transition, unlike men, bone lead 
content may not be a significant predictor of the deleterious effects of mobilized lead. I 
believe women should be grouped by biological status and not by chronological years in 
order to generate data that can illustrate the effect of mobilized lead. In this study, 
menopausal status was factored into the analysis in order to determine if there was 
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evidence of mobilization of endogenous lead. Elevated alkaline phosphatase levels with 
no evidence of elevated total bilirubin and decreased bone mineral density were also 
included in the analyses in order to make use of the women’s biological status.  
  Lifetime exposure to endogenous lead was considered to be indicative of 
possible damage to the lens of the eyes in men older than 60 years (Schaumberg et al., 
2004). However, the premise of this research study is that the mobilization of lead in 
women, not inert storage of lead in the bones is a possible cause for the non-specific 
vision issues and high risk of early cataracts women experience in the postmenopausal 
and perimenopausal years. The release of lead from the bones is precipitous in women 
but not as pronounced in men (Hernandez-Avila et al. 2000).  Therefore, there is a very 
narrow window when increased endogenous lead exposure and the beginning of vision 
issues can be measured. In order to establish proximal damage to the lens and to account 
for the small window of time when there is rapid exposure to lead, blood lead levels, not 
so much bone lead levels, are necessary to make a determination regarding exposure to 
elevated levels of endogenous lead. The use of women’s biological status and the 
decision to focus on the perimenopausal years has resulted in the identification of an 
association between cataracts and endogenous lead using Chi-square analysis. The results 
indicate that the hypothesis and the approach to the study were justified. 
Limitations of the Study 
 Cataract surgeries can be used as one criterion for assessing vision-related 
problems in this sample of perimenopausal women; it is not the major criterion. The 
reasons are multiple: First, gradable cataracts may take years to develop (Brown et al., 
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1999); therefore the length of time that it takes cataracts to develop is beyond the scope 
of this study. Second, the American Optometric Association (2004) advised eye care 
specialists that cataract surgeries are indicated when the presence of lens opacities 
interferes with patients’ routine activities; the recommendation was not based on the 
grade of the cataract. Third, the odds that Caucasians will have cataract surgery are 2.8 
times higher than the odds for African Americans (West et al., 1998). The odds of having 
cataract surgery may also be greater in individuals who are Hispanic (Broman et al., 
2005). Fourth, underutilization or lack of access to vision care that includes lack of access 
to surgery may be the reason that individuals may not have cataract surgeries (Sommer et 
al., 1991). Fifth, individuals with postsubcapsular cataracts are more likely to have 
surgery to remove the cataract than those individuals who have cortical cataracts or 
nuclear cataracts without a subcapsular component because subcapsular cataracts can 
interfere with routine activities at smaller grade levels (Belpoliti et al., 1995; Kanthan et 
al., 2008; McCarty et al., 2000). Therefore, without standardized grading and the 
inclusion of gradable cataracts, the results of the analysis for cataract surgeries cannot be 
extrapolated to all cases of cataracts in this sample of perimenopausal women. 
 Another limitation was the number of cataract surgeries found in this sample of 
women: The number of surgeries was insufficient to conduct a valid Chi square analysis. 
However, it was sufficient to change an insignificant p value for general vision issues 
only to a significant p value when the two categories – general vision issues and cataract 
surgeries – were combined. The coefficient for mobilized lead in the logistic regression 
analysis was positive. Thus, the association between mobilized and cataract surgeries can 
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be interpreted as direct and not inverse. Based on all of the foregoing, the finding that 
women with mobilized lead have an incidence of cataract surgeries that is significantly 
higher than women who do not have mobilized lead is noteworthy. 
 The significant finding that mobilized lead is associated with cataracts can only 
be generalized to women between the ages of 40 and 55 years since only the 40-55 year 
age group was studied. The age of the study may also contribute to its limitations: No 
ophthalmologic examination data for cataracts were available in the 2005-2008 surveys 
and no data from ophthalmologic examinations were available in the years since then. 
Therefore, years since the survey data were collected and the general trend of blood lead 
levels in the United States in recent decades should be factored into any interpretation of 
the data.  
 No dose response relationship was elucidated in this study. Researchers of the 
Harvard University School of Public Health and the University of Montreal conducted a 
study of the National Health and Nutrition Examination Survey data and found that there 
was a significant association between lead and certain mental health issues (Get the lead 
out, 2010). The study design was similar in concept to this study but the researchers 
could not find a linear association between blood lead levels and mental health issues. 
Get the Lead out (2010) reported that the design was criticized because bone lead levels 
which are more stable than blood lead levels were not included in the design. However, I 
believe that since blood is the proximal source of lead to the brain or eyes, the analysis of 
blood levels should first be addressed before bone lead levels are similarly studied. Once 
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a proximal relationship is established as was attempted in this study; then the possibility 
of a linear dose response could be further investigated. 
Recommendations for Further Research 
 The first recommendation for further research is a case control study between 
perimenopausal women with elevated bone lead levels and signs of bone lead 
mobilization and perimenopausal women with various bone lead levels and no signs of 
bone lead mobilization. Signs of bone lead mobilization would include elevated levels of 
blood lead. The dependent variables in the study would be general vision issues and 
cataracts identified through ophthalmologic examinations and records of cataract surgery. 
The aim of a study with cataracts as the dependent variable and bone lead level as the 
independent variable would be to ensure that the sources of the elevated lead are in the 
long bones of the survey respondents. The verification of lead levels in the bone would be 
important for establishing mobilized endogenous lead as the source of the elevated levels 
of lead in the blood and thereby the source of the proximal damage to the eye lenses. In 
total, the various steps would provide additional confirmation of the hypothesis for this 
research study. 
 The second recommendation for further research is a prospective study for 
vision issues including cataracts in a cohort of women who are in their perimenopausal 
years. The study would entail the use of periodic bone lead scans and clinical laboratory 
analysis for plasma lead levels and bone mobilization markers, as well as periodic 
ophthalmologic examinations that include the gradation and documentation of types of 
cataracts.  For both the proposed case control study and longitudinal study, the analysis of 
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stable lead sources in the bones would address the perceived need to demonstrate a linear 
association between lead levels and vision issues that may include cataracts. In addition, 
a longitudinal study could establish a sequential timeline effect which is important for 
establishing a variable as a causative factor. The inclusion of bone lead measurements 
would ensure there is a stable lead source and would reduce the criticism that Get the 
Lead Out (2010) reported for other studies on endogenous lead.  
 The recommendation for ophthalmologic examination is based on the report of 
the Eye Disease Prevalence Research Group who stated than 17.2 percent of individuals 
over the age of 40 have cataracts in one or two eyes and the report that 8.6 percent of 
individuals over the age of 18 have cataracts (Congdon et al., 2004; Ryskulova et al., 
2008). Based on the prevalence reports, the number of individuals with cataracts in the 
sample of 1416 women was underrepresented. Cataract surgeries are based on access to 
healthcare; the inability to perform routine tasks, and discomfort that may result from the 
type of cataract that the individual has. Therefore, further research should include 
standardized ophthalmologic measurement for cataracts; not just the record of surgeries 
previously performed. Ophthalmologic examinations would also provide details on 
whether the cataracts that may be associated with mobilized lead are postsubcapsular, 
nuclear or cortical. 
 Aside from prevalence studies, additional studies are needed to ascertain what 
role, if any, mobilized lead plays in the female gender’s higher risk for vision issues. The 
decision to have surgery is not dependent on the grade of cataract; but on the individual’s 
level of discomfort and access to healthcare among other factors. Therefore, although this 
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research study showed that some variables (namely age and SSRIs and glucocorticoids) 
were significantly associated with cataracts, the result does not disqualify lead as a 
possible factor for cataracts. The main reasons lead should not be disqualified are the 
low-level associations between mobilized lead and cataracts (Chi-square analysis) and 
low-level association between mobilized lead and general vision issues as evidenced by 
the results of the logistic regression without the inclusion of strong confounders.  
 The low level associations that are barely discernible with the current methods 
used in this study seem to match the generalized, ambiguous deterioration in vision that 
affects women worldwide. The hypothesis is: Generalized demineralization of bone, 
leads to generalized release of lead, which leads to generalized problems with vision. In 
addition, the alpha value generated from the logistic regression of mobilized lead and the 
13 cataract surgery cases in this study of 1,416 respondents, was just slightly outside the 
threshold of significance (p=0.06). In contrast, the alpha value for elevated lead levels 
without any evidence of mobilization for the same analysis was not close to the threshold 
of significance (p = .74). When all of the above factors are considered, the decision to 
have cataract surgery may have been based on the participants’ access to healthcare, type 
of cataract, racial/ethnic disparities, socio-economic level, or any combination of these 
factors. Therefore logistic regression analysis in which mobilized lead drops out as 
predictor of cataracts when stronger predictors are added does not rule out lead as a 
possible causative factor for women’s vision-related issues. Additional research is needed 
before lead can be ruled out. 
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 The Chi-square analysis of mobilized lead and all vision issues yielded a very 
significant p value (p=0.003, two-tailed; p=0.001, one-tailed) unmatched by Chi-square 
analysis of mobilized lead with non-specific symptoms, or nonspecific visual symptoms 
combined with any of the named vision diseases – glaucoma, retinopathy, or macular 
degenerative changes. This phenomenon seems to indicate that more work should be 
conducted to determine which clinical vision symptoms are particularly affected by the 
presence of lead once lead is ruled in as a possible causative factor. Longitudinal studies 
and studies that include ophthalmologic examinations may provide definitive information 
on whether lead or some other agent may be the cause of the earlier and high risk for 
cataracts seen in women around the world. 
 An interesting phenomenon discovered during this research study is the finding 
that being born in the United States constituted a higher risk for vision issues than being 
foreign-born. Healthcare in the United States is costly and the assumption may be that the 
more costly the care; the better. However, the results of this research study indicate that 
costly care may not mean the best care for all U.S. citizens. The source of the disparity in 
vision between women born in the U.S. and women born elsewhere should be 
investigated with a study that is specially designed to ascertain the source of the problem.   
Implications 
Positive Social Change 
 The results of this study lends credence to the statement of the Centers for 
Disease Control and Prevention (2013a), “... there is no safe level of lead in blood”. The 
mean blood lead level for the years 2005 – 2008 was 1.5 micrograms per deciliter, lower 
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than the mean value of 1.64 micrograms per deciliter reported for 2002 (Muntner et al., 
2005). However, Chi square analysis revealed that even at such a low average level, there 
was an association between higher levels of lead and cataract surgeries. Since reports 
from past decades have already indicated that women are subject to mental issues, 
hypertension, and other lead related issues after reaching menopause, the findings of this 
study should provide a catalyst for health officials to make greater efforts to protect 
women from endogenous lead during the perimenopausal years.  
 Social cognitive theory dictates that we would use this information to make 
changes that would mitigate the damage from endogenous lead in women. The results of 
this preliminary analysis indicate that steps should be taken to protect perimenopausal 
women from the effects of endogenous lead. Even without the results of this study, there 
is sufficient evidence from previous studies to indicate steps should be taken to protect 
women’s health. However, this preliminary research indicates that protecting 
perimenopausal women from endogenous lead should be a public health initiative 
especially since the deleterious effects of mobilized endogenous lead such as 
hypertension, renal issues, and cardiac diseases are already well-known. 
 In a country of advanced healthcare, more work needs to be done in the U.S to 
ensure that the benefits of advanced healthcare are available to more U.S. citizens. Data 
in the Central Intelligence Agency’s (2014) World Factbook showed that the United 
States is the richest country in the world: The gross domestic product (GDP) of the U.S. 
was $17.3 billion and ranked at number one in the world in 2013. However, the U.S. is 
not ranked among the top five countries in the world for the average wealth or average 
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health of its citizens: Personal GDP was ranked fourteenth and life expectancy was 
ranked forty-second in the world (Central Intelligence Agency, 2014). The higher risk of 
U.S. women for vision-related issues may serve as an indicator for the health of 
successive U.S. generations since, according to Bezrucha (2005), an individual’s 
maternal grandmother’s health is the upstream determinant of that individual’s health. 
Whether the American-born woman’s greater risk for vision issues is due to less access to 
healthcare or greater access to cataract-inducing drugs or some other causative factor, 
disparities in preventive care should be eliminated. If the greater risk for vision problems 
is caused by use of inhaled corticosteroids (Smeeth et al., 2003), then alternatives should 
be sought and patients continued to be monitored for significant loss of vision. In any 
event, efforts should be made to ascertain the source of the problem. However the future 
studies are performed, the results of this study demonstrate the need to study women in 
the context of their biology, not as smaller versions of men when women’s results in 
clinical studies do not match those of the male gender. 
Theoretical Implications  
 The theoretical framework for this study was based on social cognitive theory 
(SCT). SCT encompasses the psychological determinants of behavior, moral detachment, 
influence of environmental factors, observational learning, and the ability to regulate 
oneself (McAlister et al., 2008). The significant finding in this study indicates an 
association between mobilized lead and non-specified vision problems in women. This 
finding cannot be considered sufficient to evoke a response in individuals to take efforts 
to curb the effects of endogenous lead, especially when environmental and blood lead 
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levels are declining. However, women are living longer in contemporary times and 
women may therefore experience significantly reduced quality of life years and impact 
the healthcare system in their later years if the deleterious effects of menopause are not 
addressed in a timely fashion.  
 Published scientific reports in the past decades have highlighted the ill effects of 
mobilized lead at menopause, yet there are no known public health efforts to screen 
women for lead at the critical biological phase. The situation is compounded by the fact 
that there are well-publicized reports about the ill-effects of smoking; yet people begin or 
continue to smoke. The results of the logistic regression analysis in this research study 
highlight the effects of smoking on vision. Informing perimenopausal women about the 
danger of the poison within” as described by Hu and Hernandez-Avila (2002) may not 
engender much response especially when individuals realize that environmental and 
blood lead levels have declined. It therefore behooves health officials to create changes in 
health policy to effect the necessary changes. 
Recommendations for Action  
 The results of the study indicate there may be disparities in providing eye care to 
some ethnic groups. For example, being of Hispanic or Mexican American ethnic origin 
constitutes a higher risk for vision issues and cataracts that interfere with vision. Table 52 
highlights the fact that the number of Hispanic and Mexican-Americans women in this 
subsample who had cataract surgeries was disproportionate to the size of this group of 
women in the sample. The disproportionate number of cataracts relative to the size of the 
group may indicate less access to visual health care (Zambelli-Weiner et al., 2012). Table 
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52 also contains data which illustrate the fact that no African American women had 
cataract surgery although African American women were 24 percent of the sample. 
According to Congdon et al. (2004), African American women under the age of 70 have 
a higher incidence of cataracts than their non-Hispanic White counterparts. The reason 
for the underrepresentation of African American women in the cases of cataract surgeries 
may be due to disparities or may be due to cataract type. However, wherever disparities 
exist, public health initiatives should be undertaken to ensure that all women have access 
to the primary care they need in order to reduce the risk for vision issues.  
 The underrepresentation of African American women in this sample of the 
United States population brings up an important point: Few prevalence studies for 
cataracts have been performed since the year 2000 (Klein and Klein, 2013). Therefore 
little information is available to explain the current prevalence of cataracts among the 
different ethnic groups in the United States. Based on previous studies that indicate that 
African American women have a high risk for cortical cataracts (Congdon et al., 2004), 
and a finding that African Americans in Baltimore were found to have unoperated 
cataracts (Sommer et al., 1991), the lack of reports of cataract surgeries in this ethnic 
group may indicate large disparities in the American healthcare system. In order to 
determine the depth of the problem, newer prevalence studies for vision status should be 
performed. 
Conclusion 
 The “take home” message conveyed by this study is that smoking cigarettes and 
age continue to be strong predictors for cataracts and other vision-related issues in 
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women. However, the two predictors were not the only strong confounders in this study: 
Selective serotonin reuptake inhibitors and/or glucocorticoids were also strongly 
associated with all types of vision-related issues. Not all women smoke, nor are all 
women on the selective serotonin or glucocorticoid prescription medications, so the gap 
for the well-defined, ubiquitous causative factor for the higher risk of vision-related 
issues in women remains.  
 The results of the Chi square analysis showed that mobilized lead is significantly 
associated with cataracts when the strong predictors are not factored in. The results also 
indicate that that lead should not be ruled out as a possible causative factor for the global 
phenomenon of vision issues in perimenopausal women that has a vague source: The 
significant low-level association between lead and general vision issues that disintegrates 
when known predictors are factored into logistic regression models seems to fit women’s 
ambiguous, generalized risk for vision problems. The low-level association may also 
explain the reason for the gap in the literature – the reason the cause of women’s higher 
risk for vision issues has eluded investigators for the past few decades. However, more 
detailed research, tailored for women’s biology needs to be performed to definitively 
identify the cause of the phenomenon. 
 This study appears to be the first study that addressed lead as a possible 
causative factor for the early and higher risks for cataracts while women’s biology was 
taken into account. It should not be the last. As Dr. Marianne Legato, an expert in gender-
specific medicine is reported to have stated, “Women are not little men” (DeCola, 2012). 
If an answer to a research question for women is not as readily apparent as it is for men, 
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then women’s life cycle may hold the answer. Recognition of and allowance for this fact 
in study designs should help to resolve many enigmas that are female gender-specific. 
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